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SUMM.FYs FINDINGS , ND PLCOMMND.TIONS
l. Under present arrangements the number 6( large scale trangse
porutiqn routing problems arising out of SPCC m_distribution actions is
relatively smsll. /i sample indicatos that less than fivc pereent of these
problems Aro of sufficiont size and complexity to murit eophi.aticate'd com=
putational truatment. 'For these purposes a problom was conaidered to be -
sizable if it invélved no jess.thm seven activities, no lesr than threue
consignecs and no less than throc consigners, |
2e Howév«ar, it is nossible 1o e.-ffect Qorthuhila savings in trane=-
portation outlay on thuse largur redistribution problums. Even apprbadmti\'n
teemiquees which involve no more complex calculations than the prusent rules
can save about two percent .on tranqurtat.ion milcage in the averoge redistrie
but ion probleme This is a rel-tiwly small figure but considering the larg;
annual outlay on redistribution traneportation cost the absolute dollear
saving is likely to be considerables
3. Moét of our calcul:itions were bagcd on s{.raightforward milecage
tables rather than treneportation cost tables or the proxinif.y tables cure
rontly in use by SPCC. |
 a. Transportation cost fipurvs were not cmploycd because
they arc not available in & form which is dirvetly urables It would be
impracticablc to attcmpt to consiruct and computc with o sep.arato cost
table for each of the muny thouqand: .oI‘ items hendled, and =0 it would be
necessary to use a classification of itemr inte a smell number of clesses
of similar weight and bulk with t.ransportatien. eosts being ziven for cash
such clsss. These data .arc not availeble at presente |
bs : The proximity tebles were not empleyed because, by
dooip\,‘ \".hq are neithor a pure index of geographic preximity, nor an
indicator of astual transportetion costs. Rather thay npuwn§ an



embodiment of the traditional practices and rules of thumb which have been
developed at SPCC. o ' |

h. is explained 1n the body of this ruport, trensportation |
problems which "degoncrate” permit Nd\xgti"me in tho number of shipments
requizfed by a redirtribution, and therefore allow savings in fixed eharges,
However, at SPCC the numbor of problcms which habpun' to he c.iegenorate without
any adjustment in ‘excess and requircment figuree scims to be small, In a
sample of problems specially suloctad as likely to involve d;:mracy, loss
u{m ono in seven turncd out to bu usefully degencrate and nono of them
permitied any cubstahti:«l reduction in numbor of shipmontc. Moreower,
because the computation is usually difficult and time eonsuming, searching
for dégenex'acy_ is not o pmcti§a1 m.thod for deocling with fixed charges.

S5« 4 deguneracy foreing computing procedure was therofore devels |
' oped to deal with the fixed charges problem, The purpose of the precedure
is te introducw artificial dcgencragy into the problums in order te effees ;
an overall reduction in the number of 1inc 4tems rcdistributed (the nusber
of individuel ahiﬁnonta made) o This ‘should rodvce ovcrall fixed ehargosee
the administrative, ¢lericel oni d;alay costs which arise out of an increcse
in the number of ohipmnta but which &rc unaffceted by the ‘tize of any
individual shipment. ‘l’he conputing procedure is flexible and can readily
change the weight it gives to fixed chargeu relative to transportation |
- costs in its calculations. Clecarly, the extent to which fixed charges
sh‘ould be permitted to affect hhc; finel solution depunde on the mamiii;do |
of thuso costs. 48 Yot We have not buen evpplicd with definitive figures
én their size., In an extremely conservative exporimnnl.oonputauoﬁ‘m '
‘computational method ruduced the numbcr of shipmunts by 9§ f)erceﬁt for an
averago problem and ot the seme time changed transportation mileags
' negligibly from 1ts optimal lewll I



6« We bulicve that there is a possibility that far greater
savings in both tranaportation costo and fixed chargus can be obtained in
the long run bj & variuty of othcr more fundemental approacho@, including
| the following p@uibil:ltieu each of which merits careful analytical
inve.stigatiom 4
8. i/ well definod policy which distinguishes betwocn an
optimal mini m 4i.;ntory lewel bolow which an activity is deelared to be
in a requircment position and an optimal maximum invcntory lovel beyond
uhicfs the aetivity is considored to have an ¢xcoss, Odly in this way can
the syetem be preventod £rom shipping goods in response to the slightest
. demand change and thus kocping a substantd ai proportion of the: Névyjo
inventory "travelling about the country in 'boxc;aru." (Substanticl theeretical
work on this sort of invcnt.or,v policy in a fixed charges situation hae'qu
doné ot Princeton by D, Orr in terms of the theory of random walks,)
be In tix long run, substantial savings can be expected
from a dmamic analysis which takes account. of the fecdback propertics
of the system--the interrelation of demand pattems, mdist:fibution ship=
monts and present and future inventory levels. Failure to take'these
complex relationships into acc#unt will rc.su’lt‘ in failure to adjust to
foresecable future wquircmuhts, wnd parhaps ¢ven more important, it is
likely to produce artificially induced and unnecessary oxce‘seeo end require=
ments in the future, | |
7+ We therefore recommends _ .
&, That, at leaet on 2 trial basis, SPCC install the forced
dégenency approximetive transportation algorithm (as based on the SM.IC
method) ss pert of its redistribution calculation ns soon as possible.
Dur:lng the trial period its resulte should be watched carcfully by the



clerical staff and by Alderson issociates, but interference with its speration
should be kept at a minimum. | | | |

b. The cost figures to be used as a basis for the ealculatiem
should be ‘a straightforvard distance ordering of all activity pairs,
modified by any appropricte considerations which are now rcflected in the
proximity table. ,
‘ ¢s Further inform tion-gathering cfforts undoer the ma-
thp of BUS/.NDi. should be deuignedvcxplicitl.y in terms of the several
mathematicel models and algorithms which have bucn desighed under its
research prop-ai. In this way it is likely that much more explicit i.nfor-,' o
- muoﬁ cari be obtained on the valuos of the paramcters vhich must be
known for most offective use of the models. - |

d.. Reeearch on the 't:_'dnsporb_ation and redistribution
problems should be camtinueds Howewer it should begin At a more fundee
montal onalytical level than the prefent study and it should proceed
2long the lines indicated under item 6 above.

iv .



I. Assignment
In July of 1959 Alderson Asseciatcs, Inc. was autherised te

proceed on a research project for the Bureau of Supplies and heequnta of
the Unitcd States Navy, The project was given the title "Modified Linear
Programming.® Spoeifications for the projeet as prepared by the Durcau
read in part as followa:“: | ' a

"This project task. is directed toward devclopment éf more effi-
cient rulce for the distribution and rodistribution ofAmatcrial in the
Navy supply system, through modificatiop bf the tcchaiques of linear ﬁroa
gramming to :eprcsént adequately and minimize the total costs 6; alternatiio
allocation aéd redistribution decision patturns for Navy ﬁatorial. In pare
ticular, the projéct sccks to discover feasible and workable approximating
rules for distribution decisions where a fixed cost of shipment is postﬁlatod
~ for cach 'channcl' in addition to the customary v#rizblc cost,_linear with
respect to quéntity. The Léchniqu¢ of intuper prorramming and scveral cther'
ahért-cut meihodb appear to offer promising approach(Seees

"The problem is buing examined ;n the context of'Ships Parts
Control Cunter's presunt supnly dueision and dnta riportine structures 36-
odd stockins points.roporting individual itum steck transactions daily, with
weckly sumnarization and roview on I34 705 cquipment; computation of gfoas
requirements and net excesseor-required ﬁosition forleach‘activity and sys-
tgﬁ buy=or=no=buy position; fixcd costs for n shipment approximately the
same for all activitics, with incar or piccewiae_lineur‘varilblq costs

baseq on distance and trmgsportation rate dat@eses



"It is expected that the models \;111 eventuanj/ 1ncorporat:e rough
" measures of uncertaint;v"dnd changos over time in demand patterns, Emph'uiu
‘in this project is placed upon usable rules and approximations rather than
precisely minimal deciaion solutions.-/ "

In retrospect, this descriptien of the project turns eut to be
 more farsighted than onc has a right to expect of any speciﬁutiona \n-it.ten
for a plonecring researgh pro:)cc_t. -Thourh Aldorson Asaociatcs was prepmd_ A
to modify its appreoach to thc fixed ehargéa transportation problem u‘. ﬁhe
need aroao, the procedures umployed turned out to match BUSANDA's dacerip-
tion almost cxactly and stcp by step,

Several of the specifications for thc estudy which are stated or
impliod by this description rcquire cmphaaig.

1, The projoct involves a problcm of transportation routing

2, A distinguishing feature of the study is tﬁat it is te .
take into account the fixed chnrgeﬁ which arise out of redistribution
actions, whore thesc fixed charges afe "approximately the same for all .
| activitics"; . |
. 3. Approximativc muthod; of solution are to be considered u .
moans for saving costs and cconomizing on thc usc of 'croudéd computer
" facilitics which are likely to proeludc the use of a full scale prograiminc' |
conputation' in light of the vast numbers ef such pfoblems handled by the
Navy luénly systam,. _ | . |

i:.‘ in the current stage of the investigation, requiruheml and
‘exocss fipures [or oach relevant activity (i.e, the amounts to redistributed)

are 40 be

1/Burecau of Suppliea and Acoounts, fuee Devclopment, Tech
m;;_ﬁ_em Washisgton, D. C. (4@“& 53% quul% 75, 15557 ‘




aro to be taken as given and the mothod of their determination is not te
be examined with A view to Weir possiblo modification,

S. However, the sway s to be aimod toward an eventual mcorpor-
atien of domand patterns, unecrtainty (and, presumably, the resulting d;mm.'
atructure) which ean only mean that the axcess and requirement figuros will
thon, along with the transpertation reutes, becoms contral varisbles in the
analysis. '



II. The Need for Approximative Calculations

Our study indicates that approximative techniques are indeed
appropriate for the handling of tho‘probim ns had originally heen cnvisieneds
Hbuevar, the reasons tux"n out to be somewhat diffcront from those anticipated. |

The number of rediatriﬁution ealculations in the Navy supply system |
‘is tremendous. The Ships Parts Control Center alonc handles over 150,000
items, of which som'~2o'-3o,ooo require review of thcir stock pesition about
cvery threc wecks, In the average review, abouﬁ 7,000 1ine jtems will show
a redistribution action. This protusién of redistribution calculations '
sugpests that a full seale simplex mcthod or network linear programming cal-
cuiation is likelj to be impractical. Even with a rulnti§e1y efficicnt and
speedy program the amount of um requircd may rapidly ‘ndd‘up. A rceent B
study at one Navy supply installation auggcatcd that ~s much 28 forty hours
of computer timé per rovicw pgriod might be requirced by an ordinary trans-
portation célculation which took into account no éomplicatiéne such as fixed
charges or uncertainty, Certainly such a computation time requircment would
be prohibitive considering thu cost of computcr time and the many- other
problcms compcting fof Navy computer facilitics,

NeVGrthelesé,.at onc stare in the coursc of the study it seemed”
pessible that practicable non-approximative methods of solution might be
obtained, The ford—Fuikerson network mcthod of dcaling with the transportae
tion problcml/.h~s buen 2ble to achicve rumarkable computational specds =nd
it wos t.hc;ught that an officicnt program might obviate the need for approxi-

mation,

1/See L. t, Ford and D, R, Fulkerson, “Solving the Trausporation Problem,"
‘Management Science, Vol, 3, October, 1956 and (samc authors) "A Primal Dual
r or the Capacitatcd Hitchcock Preblem,™ Naval ficsearch logistics
<.uarte;:y. Vol. ll,, Mch’ 19570 . .



It is still conceivable that i‘or som¢ of tﬁe Navy supply instale
lations this may- prove to bc the casc, Hoﬁevcr, cxperience at SWC suggests
that it is unlikely, There are two rcasons why 2 ﬁ'lll progranming calcula-
tion is apt to be mp’rac'tiea'l. | .

1. The computing cquipment cmployed by the Navy supply system
consists largcly of éccéunting and buainuss'-or;lentcd machines rather tﬁan
cowputqn designoed primarily for scientifie rescarch cilculations, For
' _example, thé IBM 705 fark III usmi at mchanu.:sburg is a business machine
version of the more flexible 70Ls Unfortunatcly for present purposes the -
specianlized nccountingeoriented cmutcrs arc not well suited for easy and
efficicnt programming of problums of the sort under consideration, This is
not ncecesgarily a criticism of the computing mchinca‘ which thc havy has
chescn to install, hamur, #t sugrosts that the othir needs of the supply
system have led to the instailntion of s;;ecializud etquipment which is not
well adapted Lo fast non-approximative muthods of linicar or nonlinear proe
gramming computation,

2. A sccond source of ihc continucd cmphasis on approximation is
the heavy demand on the available computer memory space., Of course, thé
computere have many tasks othoer thoan the dctermination of transpoertation
. routing. Moreover, many of these other computations constitute integral
parts of the periodic redistribution review, - Th¢ result is that, at least
at SPCC, only a small number of memory locations are aveilable for the re-

- distribution routing deccision and this effectivel,v_preclludes even moderately
‘complex caleulatiens. For practical purposes this rules out any prosedure
roquiring substantially more instructions and more elaborate data processing
than the current proximity table approach.
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III. Fixcd Charges and thoir Consequences for Etficienéx
In addition to the problam of finding a good approximation teehe

. nique, a second, and morg difficult problum is thnt which arises out of

the proscince of fixed charg.s--charges which are incurred whenover a rodise
tribution action is taken but which do not Vary with the smount of matoriel
involved in a particular shipment. A primc example of this sort of cost
ariscs from the preparation of somc of the paptra which are required in the
coursc of ‘such an action. Thus, if a shipmunt is climinated altogether, the
‘coat of invoice prcparation is avoidcd. But once a shipment is undertnkon,
the cost of making out thc invoicc is not substantially affuctcd by a decision
to send 200 cascs rather than 10 cascs oflﬂhu itom,

Information on the magnitude of these fixed chargcs is still ratheg
limited so0 it is difficult to nssces their importance to the Navy supply

systume Howcver, it is clcar that thoy ean arise in at least two different

waySs: ‘
1. They arisc cut of the clericel and administrativc work associe

ated with any chipment,  However, it has buen pointcd out that in the short
run the limination oi this sort of fixcd cost may rusult %n relatively
little cash saving to the Navy. If on. hour of clerk time is saved per day A
pur activity it is very unlikely thot nny pcrsonnel reduction will occur,
But, of coufsc, in the long run 2 sufficicnt accumulation of fuch savings
enn lead to a decreasc in clerdeal outlays by ruducing the number of clerks
who nust'be hired as replacements ér additions to ixisting staff,

' 2. A seccond type of fixcd cost has been pointcd out by the Dunlap
Study. An incrcasc in th@ npumber of shipments can result in a slowing dawh
of comnodity movements, If paperwork is a bottlencck, an additional redis-

tribution action ean reduce the spced with which others can be processed,



This reduction in speud may then be dependent on the number of such actions
rather than on the magnitudc of the éhipmenté invelved, cgnaumor qaitingl
“time may, thercfore, vory Qelllbo a fixed charge. Te information avail;ble
on this typc of fixed pharge is as yet vory sketchy, and it certginly meri;o
furthu: iﬁveatigationasl |

' If fixed charges are left out of account of A tran;porntion
analysié, costly miscalculations are likely to arisc for the following
reasonss ' '

1. Usc may be madc of shipping routcs which incur fixed costs
sufficiontly large to offsct whatever othur advantagua thesc routcs may
offer, . |

: 2, Too many scparate shipments mny be made despite the fact that
¢ach additionnl ;hipnént adds to th¢ numbur of fixid eost charges, That is,
~ the presence of fixed chargus tunds to enll for a smaller number of (1argcr)
shipmcnte than ﬁould othervise be the ease, .

. 3. Small and unimportant shipmunts mry be madé bicause thoir
. variablo cost alomu is likuly to be insipnificant, duepitc thu faet thﬁt

thuey may not bo worth thu fixed cést whieh they incur,

1/The distinction between the two typuo of fixud costs may have onc ime
portant consuguince, Papurwork prosudurce arc frirly similap througheut
the activitice of SPCC and any othur ‘SICP or o.ymunt of the supply systeme
As a rcoult these fixed charges are likely to by approximately similar at
all activitics,ad we arc currcntly. assuming. liowever, the crowding of
clerical facilitics is likcly to differ from activity to activity (although
this is rpt to be A noneoptimal situation; if thesc differences are pors
- sistunt, provisien to chAngu thum should, p.rhaps, bc made), If crowding
differs, the delay fixed costs may well vary from activity to astivity,.



m standard transportation cnlculation of linear programming
takee no account of u«ea; fixed cocts and ean, moréfore,‘ rosult 1n scrious -
errors of thc sort j&at listed, 'l‘hét is why our major x;oaearch objeotive
has boen the devilopment of a m&dific:'\tion-'at the transportation caléﬁlatun '

which takcs thuse fixed costs into Account.



IVe The Fixed Cost Trmsggrbation Problem Mathematical Model

Let us tum now to a deucr:lptim of the basic mathematical model
which was employed in this study. It will be noted that it ditferu froa
the standard transportation model in two vespects. First, it explieitly
includes both procurement and disposal processes as well as ordinary shipe _
ments over the available routes. However, thie makes very litile difference
to the methematical structure since procurement simply involves the addie
tion of one (or several) ficticious Maetivities® which are always in a
sufficient excess position to castitute a possible source for activities
with deficits., Disposal can be handled similarly. ,

A second special characteristic of the nod.ell lies in the struce
ture of ites coefficients which refl'ect the nature of the fixed charge by
the following standard device. The coQts are divided into two parts,

K and CX, where K is the fixed charge, C is the (variable) cost per unit
shipped, and X is the m\ﬁt shipped.

Fut K is not a conrtant.. Réther, it ean take either of two
values, If X = 0 (nothing smpped over the particular route) then K alse
becomes sero (the fixed charge disappears.) However if any amount, however
small is shipped (X > 0) then K takes its fixed value, for which we use
the symbol K%,

The model employs the following notation.

We let X4,5 be the quantity of commodity X redistributed from
activity i to activity J (1 = 2,2, ooep) Ny § = 1,2, 400y N)
where "aotivity® Nel :la ¢ fictitiour procuremant

activity (a supplier of goods) and N is a ricutio\u d:l.spoul
uuvity (a m.tnr of (Ml) . .



al80 let
Ey be the excess stock of X (positive or negative) at sctivity 3,

where this is either a given constant or a random
variable with imown distribution.

Ki,3 * €4,3 X4, be the total cost of redistributing Xi,3
where! -

01’3 is presumably a {ixed conetant,
Ki,j = Ky g% > 0 (a comstent)  if Xy 4 > 0,

and
K4,3 = O othervise,
Using this notation, the preblan may be formulated as followet
The objeotive is to minimize the rodistribution cost of commodity X, L.es, b0

m" ‘I":"j(‘i’d * ci,d xi,a)

Subject to
J“ Xl Erl' i 1,2, s0e) =2

(Ne activity ships out more than its excess stoek)

and v .
‘.1 xi’:’ -EJ" b -l, 2’ o..,“

(No activity receives less than its requimont)i/

and where
all X1 N_l - X J - 0

(No shipments into the "procurement activity" or out of the
*"disposal aetivity")

and all X§ 4 a0

'3/In the ordinary transportation problem the inequalities are replzeed
by equations which in fact was done throughout most of the computatioms. The
inequalities appear here to permit choice between procurement and redistrie-
bution or redistribution and disposal (e.g.mot all of an activity's surplus
will be shipped if it is cheaver te supply & requir ment of some other -
sctivity by purchase), Amuy. thess inequalities sause no nr.lou
oomputational mbhn. _



~Here vwe define

E* . By if E& >0
i 0 othcrwise
- ifE, <0
E L J J . 3
J 0 otherwise

i.e. activity i1 ie (by dcfinition) a shipping activity only if it has
a positive excess (ui 0) nfnd nctivity § is a receiving activity only ir
- it has n negative exccss, i.c., a requ1renent (Ej <0).

There romaine only onc dctail to bc specificd in the dercription
of this model, The constants which arisc in procurgment and disposal cest
atfuctures ape, somewhot diffoerent from thosc of the other processcs, As
compared to an n~ct ol rcdiétribution, th; procurement of a unit of commodity

| X involvcs ~ unit addition te the overall inventory hcld by the systom,
*Thcrefore, this purchasc will result in nn addition to futurc carrying cost |
of the systeh. TheSc'cnrryinp custs must bu discounted (ot t£c appropriate
discount rate, D) aﬁd adaed to ost~in their present valuc. DBy th@ usual
discount rbrmﬁla, thén, if S is the unit earrying cost of X per unit of

~time this become S + DS +.0%5+ ... = S/1-Ds ' may then specify the costpv
of procurement and (simil-rly) those of disposal morc clesely as follows:

L S W NP SRR AR ZIN DAV L R 1‘J", “‘*"1:.1]

“here Pj is the unit cost of procurement (including transportatioa,‘
ete.) for activity j,
S, is thc Unit carrying cost (pcr unit of time)and
D is the discount rate,
Similarly, the cost of disposal is given by
y ) - - y ~ - ) o J . -
M-L(l .'.,.5. M u".’_‘ '\J.,A;) = ql[.4n.; v(J 0 1.;3) Al,i‘o/'
where Vy is the unit return from disposal,
This, then, is the basic modql. It will play ana elecntial rolo

in the derivation of a crﬁcinl‘thcorea later in tpic report.

11



Vo Computational Problems Resulting from Fixed Costs

The fixed cost coefficients Ky 4 in the preceding model may appear
innocuous enough, Rowever they can lead to most -serious computational and
analytical difficulties, They transform the transportation model from an
ordinary linear programming problem into a nonlinear problem, and, indeed,
a nonlinear problem of a partimlariy intractable variety. To explain the
nature of the difficulty it is necessary first to digress into s discussien
of nonlinear programming, . . |

In a nonlinear program the algebraic expressions which occur in
either the objeective function (the cost relotionship) or in the constraints
or both will involve nonlinear terms. Thus, rather than reprueuting the
cost relationship by a simple linear equation such as 5X ¢ Y + 72 we use
the more general functional notation total cost, ¢, = £{X,Y,Z) which states
_simply that cost is dependent in some unspecificd way on the quantities
involved in the three shipments, X, Y and Z. Similar notation is used for
the constraints, so that the genernl nonlinear prorramming problem may be .
written in the usual three parts: | |
i« Objective function:

Finimize ¢ = £(X,Y,%Z,004)
sub jeet to
ii. constraintss
ﬁl(x,Y,Z,u-) < Sy
gz(x,y,z,...) Ze
S S SRS
&n(X,Y,z'..-) < c.
and |
iii, the nonnegativity requirements: .
| XZ0,Y 20,2 20,000



Tor. falrly ohvious reasons, tﬁe rraph of a nonlinear ébject.ivb
;'unction ‘cannot be a planc as in the linear casc, Instead .eoa; functions
may be hilla or valloys or of totally irrepular shane, -

Bevernl ouch cost relationships (total cost ns a funeuon of X5
and xb--tm. amounts shipped alony two routce, A and B) aro illustrated in

the ncurea 1 and 2, Fipure | represente the “best behaved® type of cost

“function,
. . IP
Torat
Cos T
o *?- o~ FEASTBLE
; REGION
‘Figure'l

For reasons whicp '.a'f dircussed prescntly, 'auch 1 function makéa ‘
life casier for the -rocramrer than it is in the nresence of other types
of nonlinecr cosv;c l_f'pnctions. This Mhest bc:havcd". type ean dbe described as
“a ¢iminishing returne 'case‘--th,e curvaturc of the surface (its U shaped cross
scctions) indicates that incrc.‘.asz.s in 'slﬂnmc 18 vield diminishine marginal
returns, lndeed, increases in rhipmc.ma heyond the cost ninimizinc voint ¥,
sey to W, must yiald diminiqhinp total returns ’ i.o. ;uch an inorease m

emounts unt st obviously incr(—au total costs,



By oontrut, Fimre 2 in which the lowust noint.l of the diman
osour over tho axcs of the diagram rathar than at its ocntur a8 xn Figure 1,

- depicts aa important cas¢, At the other extrenc, uw.t of inerensing returns,

Tozat - ¢

Copr

Figure 2

Figcure 2 represcnts = ces of inercasine roturns to specializntion because

it shows th-ot lewer costs can be aechiceved by exclusive use of routc A (a
point on thc OX, axic) or by wxelugiv: ﬁSa:of routc B than Hv use of a come
hination of thes. routcs (a point toward tﬁg ceater of the XX planc),
| The distinction dutwern diminishing ~nd incre;sinn returne is
extroenely imnortant for progran-inf,e 1n o diminishinr returns casc s that
in Figure 1, if we find » peint sucﬁ as i from which any small move ine
ToRECS coBtE, Wi can bo sure tiat this point is » plobnl optimum, 1.¢.,
no meve of pny magnitude will brinp in costs lower then thosc at ¥,

dceause of the curvature of the cost surfacc, it moves further
#nd further .cbov; 1t;s minimum poin£ M, Thus if a small move away troq\ "
sry to N, iner.ascs costs, wi c¢rn be sure that ~ny further move in that

direetion, sty to &, will only inercasc costs still further,



lowever, this rceult decs net hold for the incruasing roturns
cas. depictud in Fipurc 2. Therde a meve froem poini. B over to A docs
inducd inercnsc cests, But if we are paticnt and nuv¢v£he1ées contimuc to
move along the surfacc it will begin to éurl back downward again and ovene
tually wec may cven roach A point, C, which yi.lds costs fdf lower oven
than thosc at point B, A point like B whos. costs arc lowcr than those of.

any othar fuasible point in its vicinity is callud a loecal optimum, whereas

the point C which really yiclds minimum conts, is a global ogtimum.

What is ﬁhu significanc. of ;his rcsult? It states, in uffcet,
that ~ny computing procedurc which idontifics an eptimum point by sciuing
whether a small move inlnny dircetion inercas.s costs eannot b trusted in
problims in which the ebjeetive function uxhibits ineruasing returns. An
uvxamplye of such A procedurc is the simole requircment of the differential
calculus that the sceond durivetive of the funciion whose value 48 to be
ﬁaximizud be nepative ot the maximum point, For this condition mercly
statc s that any move to 2 point very jpucar the maxdmum point resalts in n
r;ductiop in the value of the o;;::fjt:-;:nctioh, and so it is a sntisfnce
tory condition only wherc inereasing rqturné‘do not occur, |

Dir;ctly rclated to the forepoing problem is-ﬁhe difficulty of

~finding 5 wo}knblg iterative procudure for gctting to the plobal optimum

_ point in 2an inercaring roturns ecasve=efor here the iulc "nroecud by BUCCL: Be
sive stups uach of which ruducca'coats” is not trustworthy, Thds, in Fig=

~ure 1 no such problum rrisus; wu cnn confidently procucvd by moving downward

“4n any dircction hoenuse all downhill paths und up rt the minimum point,
Henee any trinl and (rror (itornt1V&) procudury yhioﬁ keups trying succce=
sive éutput lchls which‘ara luss costxy thag thosc 1n the previous attehptp
will {4 it docs not move up too slouly) cvuntually ¢¢t us to the nininnn
cvlt lhipping routa conbination.




v s
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But 4f in a cost minimization problum thc prraph 6! the objectiyd
" function contains a hill (it oxhibits- increaring returnc),‘ going ia a down-
hill dircetion is not guamlnteed to gt us to the lowost point, If we
start downhill from point A in Pifurc 2 wo may end up at point B imstead
of point C, the plobal optimm in the shadod fensible rogions
' lo summarizc then, mony, indced, almost 211 of the standard o
optimaliﬁy'calculntion proccdurcs arc applicablc only ‘o probloms invelviag

constont or diminishine rcturns,

Torae , : ﬁ#Tbrac
CosT . CosT

Figure 3a o C Figure 3b



Lot us now return to the problem of fixed chargus to sco the
rclevance of the pruéudinn discussion to th. difficultics éaused by ine
ercasing rcturns in noﬁlin@ar,pregrnmming.' Figurc 3a reprosents part'or
~ the cost function of a multienctivity nturprinu showing how its costs

will vary whoen the amount: shippod from ona of its nctivitice (b) varics,

the amount shippud out of ali othur activitics being pivens This rclatione
ship 18 cost curve TRi!', A6 the dinm".m shows, if this activity does any
shipn;ng at all, 'thu larg.r the amount which it scnds out the smaller will
b total costs (RR' slopus downhill toward the right). But in the easc
shown, if thco shippi‘n.;: route is climinated altog.ther, the fixed cbsta

whigh it oscapcs ~re so larg. that costs will suddunly fall from R to T

In fact (nssuming thnat thore is some upper limit, OM, to the dumand for this
product) cven if tha activity scnds out w;ry bit thot enn b used by the
rccipiunt, the cconomics which. are achiuved will not suffic. to make up for
the fixed costs This is becausc point ', whosu huight represcnts total
cost at th maximum salcable shipment, lits nbove T, where OT repris.nts

the total cost whc.n th\. netivity stops shipping along this routc nltogethor,

| We 8ue, then, that point R' 48 A local minimum but T {s tho global

“minimum, Indeed Figure 3a cloarly npmmy.nts rn incruasine returns quectivcf
function-=it is o two dimcnsionnl rc:idtive of th. cost function 111uatrntcd.
in Fipurc 2, But in the fixcd charg.# case (Figurc 3b) it is to be noted
that ony cf:mpumt.ion which tullsl us to go downhill along the cost curvé will
move us in the wrong dircetion, ILven at A péin_t likc W which is vcry close
‘ to R there is not t.hc‘sligh.test hint in th« slope er the eurvy that ecosts
cen be reduceq by rcducing output, 'This‘ is a p'p_vrpiculnrxy nasty feature .ot

the fixod charges problum, An ordinary increasing rcturns cost curve, sueh

o



a8 curved line TVR, will at lenst indaente tha,direction of the global
minimum point whoit we eot closc cnough to it-<at point V, poing downhill -
tokes ue toward rlobal optimum T, cven if startiﬁg further to the right
the "go downhill" rulc would takc us in the wrong dircct;éﬁ. |

I is, of cours:, only beenuas we arc de2ling with 2 multi-
aclivity opuration taat our nroblcm is rerlly difficult, As a rcsult, cven
our crash is likcly not to give us the ripht ~nswer, P rhaps it is bost net
to stop shipaing out of activity 3 aftr a1l, Instend it micht be better to
.liminetc doliviries from some othar aetivity (C) snd save the fixcd eharges
=4 Co Munnwhile replace C's formur doliverics by shipmonts from B fer this
inercascs the mﬁximum'dcmnnd lor nctivity 3 and 8o puraite us 1o moVC'lowci
along the cort curve to the ripht of soint "', With = lerec nunb;r4of
braschos th. wrnhlfm of xnmin;ng th. poséibilitius ecnse by casc, te deeide
how m~ny =nd whieh “to chnor.., l.mds to an ¢normous provl.m of §crmntnt;ons

ad combin-tions wivich ranidly grows astrononicnl, A more systumetic coms

putation nroc.J. . is roeguircd,



The rolc of intugur progfammina in such a problum is casily repQ' '
rosented schumatienlly, For this purposa'jt is ncecss~ry to introducc an
artificial Qnrinblu, A.',Ih the threo dimun#ionnl Figu;c‘Jb point T is
pleccd whur. A = 0, while linc RR' 45 movud to where A = 1. The thres points
T, R and R"nfu thun connceted by the olane TRR! whjéh ean now scrve as the
foasible portion of an artilicial lincar programming ohjuctive function. but
if we ineludc the constr&ints A LD and A < 1 in the preblom and roquire that
A take only dntipur velucs, it is elcar that we ean only have cither A = 0 |
or A=1, ¢ can und up only at point T or on linu'sugm~nt RR?,.i.c., we
must romoin som&yhurc on ihu orinindl cost. curvi TRR‘ of Vigure 35. Thus by
us. of intuger n}ng}nmming we hove bubﬁ oblc to substitutc for our original
fixud eharges problum anothor orainnry lincar prorramming problum which gives
the 8aune ‘answers, '

In srinciply, this translation can h;vmnd‘ for all of the Navy's |
activitjbé ~t oncu nnd So the. wntire probluﬁ e¢~n bu trnnsfofmcd into on.
large lincar }ntuglr programming problum ﬁnd thus be solvcd. Un!ortunately,
in pract.ic. this lins not, so far, proved practieal for cven ﬁndcrately,large
Scrlg problgﬁs where the pumbor: of artificiﬂl vnariablus which hust be ndded

can make the computation prohibitchly.timu conéuming and expunsivee Ruecnt
modificntioﬂs in Gomory's algorithm appuar te be pronising but, for the

momcnt nt luaat,lnomc alternative methods must be explorud,



VI, Equality of Fixed Chc.rgca and Dogoncracy

The fixed ehurge eonﬁutatiog is, howewr, considerably simplified
if it can rcasonably bc assumed that all fixed chc.igu»m approxinﬁtcly the
samc, There is o theorem which states thot in this case, unless the grobm |
is_degencrate thevordinnry lincar programming selution will in faet be
opt:hmi s lece, the solution will bu the adme whuther or not fixed charges

arc prusent|] y

1/Proof:s In the absonce of degencracy the solution to our fixed charges
programming problem must hawe at lcast as many nonezero clumentes as there
arc conastraintes (2n in the casu of our model). For (;.gimring the possibility
of inequality) lct us denote our constroints by “1,1°°1,1 “°°° *on'an e -
wvhere the a's and b are colum vectors ol constants. If therc exists a
solution where only M 2 of the X's ar. non-zero it follows that some
subsct of M of thure columns fre lincorly dependent, iece, thc problem
must bc dugencrate, :

If the fixud chorge constants K% arc 811 cquel to the same number K*.
the number of thuse fixed charg& must bc cqual to the number of non=-zcro
shipmente (thc numbcr of positive X's), i.c., the fixcd cherges must

edd up to 2t lcast 2nNK™.

Now, the objectiw function of our problum is = (K ¢ Cj 4 X4,4) whilc the
objcetive function of the ordinary iinior programming problem (in Lhe absence
of fixed chargcs) ir «301,{ Xi,jo It is wcll known ti:at the lincar programming
problem hes an optim:l solution X¥ which contains exactly 2N non-zero ,
clemcnte. Hence, for thuse values of the X's we will heve K = 2NK¥, d.604p
both "Kand © C:l%j ,j will bc at their minima. Thus the lincer programaing
problem solution X* must clso he the solution to the minimum Tixed cherges
transportation problom,

Onc minor quelificetion must be added to the arpumint--in the normal
transportetion problom the numboer of routes employved will be one 1lcss than

the number of constreints. Thot is bocause the problum is so sct up that

the total amount shippud equals the total cmount demended—so- that if all

but one customer's demends are satisfied the remaining customer's requirvmants
mst sutorrticrlly be satisficd and his demand constraint bucomes redundant,.
Cf. Warren N. Hirsch and Guorge Dantsig, The Fixed Charge Problcm; Rand

. Corperztion Paper P-648, December, 19%lL. :
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The intuitive ground for this rosult is casily gracped. Por
roasons which will soon bc explained, in tﬁu absence of degoncraey the
winimm nusber of shipping routas which will got rid of all cxeessus end
~ supply all roquiromonts is fixed, This minimun numbor of routes will be

omployed in any basic optimal solution of thu'ordincry linecar pfograﬁning
transportation prodblem. In thic caso fixud echorges comnot bo aveided by a
reduction in tho number ofjroutca employcd and, since all routes inveolve the
"game fixcd charges, nothing is8 to b gaincﬁ in this respoct by €hoesing oﬁn
route 28 against another. It follows thot in sueh a case nothing can be

done about reducing fixed §rargen-the.boat sdlutien eonsists in jurt
kccﬁing variable coste down 25 low as posrible~-and ihe ordinary tranlpbrtatioi
algofithm will indicate how this coan be donc. _ o

Clcﬁrly then, if fixed charges ore appreximotely equol for all
shipping routcs, the onlv liepe for cost ruduction lics in dugeneracy. Only
degencracy will permdt fixed chhrgc savingrs by making.it poa#iblu for a
r&duction in thg numbcr.of rout.cs employcde

The last thing to be discusscd in this expository scetion of
the report is the rolevance of degencracy to the eurrcnt problem,

In a transportation prohlefu degunuracy is defincd to mean that
some subsct of the retivity rvquirumunts 2d@'s up to the sum of some subset
of activity excossus.s For cxample, if activitice A aﬂd B nced, rospeetively

27 and 9 cascs of ¥ whilc som. oth.r ectivity C has & agrplus of exactly

2l
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.36 casus, then providud there arv othur aetivitice in swrplus or defieit

pocitiqni, thd preblun is dogcnerats becausc 36 = 27 ¢ 9,y

_ 1/Astually this is o special c2s¢ of the goncral lincar programming
dofinition of degonuracy, as 2 cese in which a numbor (smeller than the
number of- constrainis) of columns of coofficicnts in the ocenstraiint sdét ‘
are lincarly dopondont. To lllustratec thias, consider the twe=shipper=tuo-
dostination transportation problum which hes the following constreintss -

Xn 4 "XR ' . -'El
Xy rke. "R
1 X% "R

2t vy,

where E, and arv the excuescs of surplus nctivitics 1 and 2 ond-
Ry and ilg ere rquiremnts of tho two deficit aotivitics. The materix
of coefficicnts is '

{

1 1 0 6 B
L] 0 11 Eo
1 0 1 0 iy
0 1 0 l Ry

.
"~

Clcarly, the first four colums cannot be lincerly dcpendent. Heneoe,
degueneracy can only arise if the lost column is lincerly dependent on & -

subsit of the othurse Supposc, ¢egéy Wo hove 2 X col 1 ¢ b x col 2 = eod L

where a ond b rxv any eonstonts. Then, substifuting, a + B« By, a » Ry

and b = Rp 86 thit'we hive Fy = Ry ¢ Roeet: pirtizl sum of roouircmonts ,
cauels ¢ pertial #um of surpluscs, ~# wes i(ss.rtude This crgumnt is ensily -

¢xtcnded into a formal preof.



To suu how this effects the nunbor of routcs which must be used,

, oensider t.he !‘cnnwins two trmporut:lon probleu the first of vhich u
not deconouu lee the lattor is. .
.~ Problom 1 ° ~ Problem 2

" Activity Rxcess ' Roquiromnt  Aetivity [Excess .hquirw
1 7 1 1
2 9 2 9
3 b 3 7
k 2 U 9
w— )

The firet of these probloms and e of m uolutiona mey be
represontud sehenticany as follovs:

otivity & ' Route &
uss = -.——-—9mt. shipped s [ wessememad) Deficit -

2 4

. ! ’ A
Q88 = '—'———v amt ihipped 9 cmmmemed) Doficit = g

Note that the (41agnol) shipping route, b, must be used becausc astivity 1
cannot ‘ship all of its o\n-plu te aetivity 3. But in the dogemerate preblem

&
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the corrusponding solution becomoss

ctiv .y ~ Route a Activity
Excess = 7 . amt. shippud = 7 . _> Nufisit =
cte:s ! 9’ amt. Bhipmd = 9 > ricit -

Note that it haa boen possiblc to climinate the diagnol route b which was
used 1n the previous problom. 'rhia tr:lvial example illustretes how degmnq
reduccs the number of shipping routus whieh must be omployed in solving
the problom. _ |
It is clcar then, that whilc degencracy has somctimes proved to
be a rnuisance in computation it can be extremely usc-fui in a fixed charges
problem. lHoicwr, thore are two reasor':s why loocking Ifor problems which
heppen to bu degoneratc is not ~» satisfactory expodicnts
le There is no guarantuc tnat a siénificant proporticn of the
probleme which arc cncountirid in practiec will tum out to be degcncraw-y .
2+ Even when o problum ;s dugenirate, iduntirication and
consideration of all of its dugencracics is likul,.v to bc a long computational
process. For, c(sscntally, this riquires the conpntatim of all partiall
sums of c¢xcesscs and of :.'i particl sums of rvaquircments and their
comparison in ordcr t» svc which if any of thesc partiul sums happcr; to
be vquale The number of combinitions which is involved mounts very repidly
with the seale of the problum,
It vas thercfore decided to undertake & systomatic coxtunsion or‘
& curront SPCC clurical procedurce Often clerks will uimply docide that
ver& -small requircments or eXCOSBCS arc not worth the trmuble of ¢limination

by redistributions In effect, this decision emounte to ‘the c¢limination of &

‘:/In a sample of the 34 problems which om prior inspection appeared mest
ely to be degenerste, only five turned out to exhibit useful degeneracy,
(Pmblua 9 117, 19, 25 and 31'4n appendix Table 1.

/
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fixud charge by foreing o dugunuracy on to the probleme 4 small oieﬁcai
shange in rcquiramcnts or cxcoss figures has beun used to .olininat'c one or
more shipments, |

Gonuralising this proceduro, it will usually be poesible 46 .

impose dogencracy on such problems by making ineignificant changes in A
aurpiﬁa and defigit figurcs which make some of their partial suns eqnl, :
Th.i‘s is clearly desirabl., 8o long as thu rweulting ravinpgs in fixad charges |
are greatur than mny costs which arv producud by changing the surplue or
shortagu figuros. That is th. approach which was takon by thu algorithm
which was duvcloped in this study and which is deseribed in detail-beluh N

25
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VII, The Amroquon Methods Tested

Since detailed informatien on the actual . mgnitude of fixed
costs has not as yet been made available to Busnma, it my not be pontblo
for the moment. 0 employ the fixed charge algerithn which has been dwblopoi..
For the amwer- \mlch it ylelds aro, of course, dependent on the levels of
thon chargas. .

It therefore may be necessary, at least temporarily, to ke use
of a more routine transportation calculation until the required data are
obtained. In any event, such a calcni#tioﬁ constitutes an essential part
of the fixed charges computation. It was necessary therefore to test out
" a variety of approximative eoi\mting methods for the ordindiry traﬁaportn-
tion problem and to compare them with the result.aA of a precise optimality
calculation.

For this purpose, a sample of 100 actual SFCC redistribution
transportation problems was collected and a number of tests were made
with its help. The nature of the sample and the resnlﬁs of t.ho caleu-
lationg are described in detm.l in hter sections of this report.

In addition to the optimal solutions and the proximity table
solutions actually arrived a£ by SPCC, bot’ as detemmined by the machine, .
and as adjusted by the clerks, the following two types of solution were
investigated: -

| (a) The first-approximation method which was tested was labelled

ship most at least oost (SMALC). The basic idea is to find which route

involves costs lower than any other's and to ship as much as possible

along this route. Then we ship as muc! as possible along the second

lowest cost route and so on unt.il all sxcesses have been eliminated and _

all requirements have beer nlicd. | ‘ | '
, ‘ : ‘ 26



'Spogirtcnlly, lev X¢ 3‘ Wm the ameunt shipped from activity
R ) n'c.ti.vity Js 1ot G- ,J be the unit cost of that shipunt,' ht By repre~ .
‘sent the exoess at acttvtty { and Ry ropnmt the requirement at nuvuy :,
Then the nthed proceeds as tollmt '

- In the cost matrix choose the ninimim cost figure Cf 4. 3et
xm = smaller of E4 and Ry and renove.'tho sorrespending row i or eolumn J
from consideration. | | | |

Hoplace K, by By = X, "

A Rj by Rj - Xi R
(Henoe at least one goes to zerc) and repeat on t.ho nev mlhr matrix;
: mume until the .preblem id uolved. .

The basic idea is illustrated by the followiag tables. In the
left hand table the entries on the ox.xt..a;de roprasent activitics excese
quantities and requirement quantities. The spaces in the table ropresent
. ah#pptng routes, and the numbers vhteh are eﬁtored in theu optcei represent
the unit cost (distance) of a ah&pnn( along that route. | For example,
the 832 entered in the upper left hand cormer represents tho cost of
shipping one unit from activity A % activity D. ' '

D E F @ o D E F &
| ‘ Astivity
18 301 Ss2 4 hoqutmut
A267. 832 TTL SO 2M88 . A 18 197 52
Bk $1 % 66337 . B 0L
U 3336 JJBOM B , ¢c. 4
Amvw 0 CestTadle B Solution Table



sy,

#

The mintmin Cy 5 is clearly the 30 shirping cost frem aevivity

B {whose excess is 10L units) to activity E (whose requirement is 01 _

units). Hence, the maximum amount which can be shipped along this route is
10L units and this is thévamount entered in the cori'eeponding position 1n .
the right hand ;olut;on table. -

Now activity B'# excess figure is reduced to sere while E's

requirement is reducod to 197. Viih this chanpe in the original tadble 'vc' -

proceed to assign as large a shipment as possible (L units) aleng the second
lowest cost route (the 73 fipure in the lower right hand eormer), e‘tc., Ml
all renuirements are met and all excesses are eliminated in the manner

shown in the solution table.

(b) A second mef,hod of approximation which was employed is a medifi- |
cation of Vogels approximition Method (VAM). This method is a bit mere
difficult to explain and involves more computer time, For each pessible
excesa activity, 1, one finds the lowest and the second lowest 'shipping
cost routes which begin at activity i. Similarly one determines the lowest
and second lowest cost routes which teminite at each requirement aeti\fitw. ‘
The difference between these lowest and sccond lowest cost figures may be
rgferred to as the error penzlty which would result if the second lowest
cost route were inadvertantly chosen. ihe bagic idea of the VaM method
is to secek to avoid these error penalties. 'Thua, now having an error
penalty figure for each activity, wé pick that activity ;:h'ich has the largest
error penalty figure. On the argument that.hecre is where the most oxpendvp
mistake can'be mde, we mike as much of ﬂ\;é activity's shipment as possible
along its least cost route to évoid such a qostiy' error. e Row reexanine
(ana, if neouur;y,_ reconmﬁ) the error penalty figures and pox't take care
of the activity with' t.h§ largest remaining error pemalty, and se u. |




The row unit penaltiss = (61,501,3263)

The colmiu unit penalties = (301,70L1,307,2L18) -

The row absalute penalties = (16,287; 52,10h; 13,052)

The column absolute pemmu - (S.ua; 223,041 |} 15,%k; y.w)

Createst Pemalty

Henoe the first shipment must bo assigned in acoord v_it.h second «hll
ainimun entry, i.e., the first shipment smust go from activity A to uﬁdﬁ B
which, by coincidence, is the same as in the SMALG method.
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More explicitly, the following precedure was upupu
. Locaumoutni-uolmtinmmtuwmaahmm
column. Call these
- Rows - 'Coium
(1) ©Cf eee Cm  d) eor . 0seedy
' ‘Locato the next largest element in each rev and column. Call these
(2)  C'3 eenesC'm 41 cerrernedy o | |
" Then the “unit penalties® ineurred by met shipping on the routes
located at the entries (1) are | -
61 =G aee Clp=Cpp ' =d1, weer, d'g =dy
Instead of these unit pemalties, the computation emplayed "absolute penalties®
eeg. 1£0) = 0 J and is in row 1 and eolumn J, we aan only
ship X3 4 = nin (31 DJ) on t.hu route,
- Hence the “absolute penalty” is X,3 (C'l €3).
Shipments as large as possible are then made along routes where

this absolute penalty is greaust;

Using the same problem as before' , t'e cost table my be rewritten
as . | o
D E F G
18 300 52 L

A 267 83277L 94O 2488

Cost matrix B 1ok S31 30 B33 32u7
€ L 3336 3380 3uly |

Wheres S ‘ CB

Row minima are uadarlima' Thus

Column minima overlined Trus . S , :
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~ VIII. The Degeneracy PForcing Algorithm |
| Thg last, yethod, tested 18 the one which was especislly designed. .

for the fixeti charges problem. It has these central features; "

1. " #n adjusting device for excess and requiremonts ﬁgml ihic'h'
is designed to produce & ruvasonable amount of degeneracy. | ,

2. An optimality computition dévice which is sn extention of the
SMALC method described in the previous seetion. |

Specifically, the method is the followings

SMAm--Degenerac! Forcing Algorithm

Scan the matrix for min 4. Suppose this is achieved at i=k and
i,

. P 4

jeme If lEk"Rg‘ = A, set Xm-nx.y[r&’uand deletec both row k and
colum me . If [B = Ra| > & , a8 in the usval SMAIC algorithm,
set Xyn = min /B R, 7 and then set '

) . = -

Bf = B = X, |

- R

Ry =0 temn B, Rl = Ry

and Ef =0 - \i
W R -
% T | o By T A

1/Note that this always results in the "rounding up" of excess or
rcquirement, figures as needed. This decision was yeached on the basis of
SPCC opinions that cutting down of any such figures would only postpone
them wntil the next period and would not eliminate the requirement or
excess quantity in question. However the algorithm can easily be changed
to vork the other way by substituting "Min* for *"Max" at this point.




Brasple (Vetng 4 = 1)

‘Consider the following transportation cost matyixs

Encesses S
6
2

9

S y 2
5 2 9 6 9 10
T 3 1 1 5. 5
6 s 9 m 3 m
6 8 11 2 2 10

The preceding algorithm may readily be checked to yield the selwtien,

Excessos S
7

2

10

Lo b 7 2 L 2
s
! 3
2
! 2 b

Reguirements .
7 miMl
_Amount shipped = 24
Total cost . 126

Average eost = 5.25

This may be compared with the follewing optimal solution ebtained by the

Simplex Methods

Excesses S
6

2

9 .

oL L6 2 L 2
. ,
3 1 2
1.1
3 2 i

Requirements
9 shipments
| Amount shipped = 22
- Total cest = 112

Avera(o sost = 5.l



In this algorithm, A , the degeneracy liuiting ‘constant is ﬂ\o
maximum amount by which excess or reﬁp:lrcnent figui-ea ere porsdtted to be
revised in order to produce degenerncy. . We feeomend that. o different 4
be employed for each item and that the value of e&ch délt.a be revﬁod at
each review. The computation 1m‘rolved is very simple and the factors
affectine the appropriate value of A can vary sharply over time and from .
item to item, so that a more inflexible A figure appem"to bo undesirahles

The value of A should bec based on the values of the following two
varicbloss - |

a. The average level of inventory on hand ¢t the review datc in

tlioso activitics wnich earry the itom, For, the ,highor‘the level of inven-

tery on Lond, the loss sig’iificgnt, relztively, will bo a given readjustment
in requircment or execoss fipurem. Henece A should vary directly with the
average stock level. ‘ \

b. The price of the itum (aa 2 rough index of military essentiality.

CIsarly, the more essentinrl the item the less the edjustment in exeess and
requirement figures which can be permitteds Hence A should vary inverufly
with the price of tho item. | |

In our trdel calculation A was ariived a..t as follows, Define D by

the expression . ‘ - ' : :

D = Avg weckly syrtem demund for the dtem x o pric; addu-M
Munber of actavities showing demand . factor '

Then * is equal to D after D har been rounded up to the nearest mugir. -
| The average syswm demmnd wac obtained from the eurrent (Phy 15,

1960) CESR page for the itom. The number of activities shadng |y dml
for this 1tem in the put eight quartau was obtainod from Cede 'IM. .




'l‘h_c- price adjustmont .tactor was developed on £he argument that Im
euéntial 1“@ can be assigned hrgér Ats, 1.8,, that it 18 umriau to
go mrt.har in forcing degancracy on such itoms. The rule which was develaped.
is summarised in the following tables | -

Price hdjustmont Factor it Brice of Item Y/

1.5 : ‘-lm.()l and . over
2.0 $ 50,0 and 3100,00
2.5 Up to $50.00

In etfcct, this means that for expensive items * is kept down to 1} weeks of -
of average activity demand, similarly, for mcdium priezd items Alis set at
2 wecks demand cté. '

Here is an oxample of the caleuletions

FuS.Ne HF 3010-318-9072 6.09 = svarage Monthly Demand fer System

Nomen. Clutech F : 6 = Number of Activities Showing Demand
Unit Price $2L.50 , ’

DIST/ NCE TBLF 1| SOLUTION TABLE
Consirnhors Consimees Ehtcésses | ,
5] 85| saf 75| 85 | ;
n 893 {3200 [3203| 1 n
74 482 |30 {3006 11 w121 .
83 3166 | L7 | e | 26 83 0 | 7
%0 3380 | 66L | 666 1 90
Roquirements | 22| 10| 7

he break points were dewloped partly on the basis of the
information that more than S0 purcent of SPCC shipmunts invelve
items worth less than $0 whilc some 75 pemnt of the thimu
involve 1t.ou worth less 'ahn uoo. :



The calculation of A

Deb09 x2,5e 15:225 5o that A = 1s

As a result, shipmcnts from 71 and %0 woro cancelled. The distance table
»lwas omined and the pair 83-85 was found to be the shortost haul, . The
- amounts 16 and 10 showed a differemce of 6, se the roquirement at 85 was
filled, lcaving 6 wnits ohw:lng excosz at 83. Now tho pair 83«91 was looked
at next. Hore the difference betweon the 7 required and the 6 excess vas -
1oroqual to A . Thus the cxcess at 83 was oonsidered to be 7 mdthé
requirement at 91 filled. The final step was to find tho difference betwsen
T4 and 75. The differcmce was again equal to A 80 12 were assigned from
. Th, £illing the murenmt at 75

The result of this use of / was te cangol out two shipments, -
satisfy all requiruments with uinof adjustments in shipping amowmts frem
tvo utivit.ics. '

We rceognizo that in somc cascs, A must bc assigned the value
sero. Such a cese is:

FoS.ll. HF 2910-217-0116

Nomcn. Pump PFucl

thit Price $352.00 |

Here caneelling out small shipments to roquina.mnt activitics may
‘clearly be highly undesirable, Only one pump may ever bé required but it
_ may be ncoded very bedly. Somo modification of /. teo take more oxplicit
account of military esscntislity is probably necessary. The dogenerecy
presently forced by clericai revicw at SPCC surcly t.alqu it into accow@t.'

Had it Seen possible to obtain the CSSR page thai correspended
to the supply-demand ruviw perio& in whieh ﬁnu ordored uhiyﬁent‘n wore
nede, lubctant:lalla higher /\'s wo\‘;ld‘probnbly have been wsed ia the
calewlations. This 1s bossuse we would hove hod & mere aseurete pleture of

o ' | | 3



the size of the excosa stock at cach shipping activity. Accordingly we -
could haw found.ccsos wherc increasos in musber of items shippod would
have inwvolved no dmger to any such activity, - | .
The lack of CESR pages for thusc nhipmnt.a was: brought about by -
an unfortunate arrangeuent for the transfor of used CSSR pages from SWk
Control, Code 710, to the Foderal Wnta Contor at Mechanicsburge The
actions of o;xe reviow 'per.lo.d are, in practice, scatturud timrough‘many
different shipment orders, and trying to track them down is almeet an
impossible taske. Because of this, tho cost of obtaining this ‘infermation
would hove been ﬁnhibiti;e. ,' H&evé:, 1f tha fprced degoneragy algorithm
is pm.grmd into the SPCC ruview prosedurs, it will, of course, not invelw
eny diffieulty to take into account the deta on the OSSR peges In thet
- case igformation on inventery held at ;hippsng acﬁvitiu ctn rendily bo‘ .
used to change tho magnitude of the price adjustaant facter.




" IXe Rosults of the muuon

" The following tablc summarizes the rosults of the comutlm.

Table 1.e=TRA{PORTATION *cm‘, G4y
FOR Ali AVERAGE TRIAL PROBLEM

RITULTS

Computatien ncthod

$2CC

Supleu \ Proxisity
ordered SMALC VAM .
shipncnts (opﬂmn) » table  |degencraey .4
Cost (itom-mi%l) 1,127,000 1,115,000 1,119,000(1,132,000 |1,123,000 z,m.ooo
Excuss over optie y S
mooncuooooooicoi 1?.m o b'lm 17’1m a'7m L,m
Percentage excess o ' o
over optimum (pur :
pmbl‘-m)-ooto sesee 2.60 0. 001‘5 1.60 1.95 0.30
Overall percentage .
€Xcess over optie o :
‘ mm.oooooo.ococo.. 1013 0 0.37 1.5 008 O.b
Standard deviation ‘
of percentage
excess over optila '
Mooo-.ccooo.ooo. 5050 ' 0 1.” 30” hoso &0&
©hmximum absolute
£XCC8S over optie co
mo-c.n.oco.o'ooo Qll"om 0 lll’m 628,0@ 1&,@0 “’m
Maximum percentare e ,
ebsolutc execess
over Optmum.ooooo 29.20 0 7.20 21‘” 28.90 ”.w

1/1.e. number of miles moved times the number of items in cach shipment
(added over all shipucnts),

These are all averare fipures for the 100 problem sample.

For

examplc, the £irst figure in the ti;st eplumh indicatcs that the average

" problem incurred 1;127,000 itememilcs of transportation when redistributed.

in mccord with the current SPCC decision proeess.

This vas an average of

-some '12,600 itom-miles more than would have beea involved in an optimal -

N
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“solution, For the average probluv this repruents a 2,80 peroent increase
-4n transport costs over the optimal aolution.

The last three entrioa in this column arc meant teo indicnte the
rcpresentativeness of these res\_xlu and the largest deviations from them
which have bcgn cncountercd. As an index of the variability ef the pere
cuﬂt&ge» inecrease in the cost figures we sce that the standard doviation of
that percentage figurc is 5.50. loreever, thc larpest absolute execss ia
cost for any of the samplc problums of the SPCC ealculation ever the optimal
solution is 215,000 itum-miles, ‘ﬁzc largest percentage differcnce for any
preblem is 29 percent, Ticse 1ast two figuras arc meant te be indicative .
of the‘ maximum risk incurrcd in using thce approximation methods to solve LI
particular problem, |

It is to bc noted that.(ip,nor.i_nn for the moment the Foreed
Degencracy method) the SMALC method comes out best ai"t.cr f.hc Simplux method
on any onc of the rclevant eriterin, It hn§ the smnllest cxecess in transe
pc;rtation eost over the Simplex result, taken either absolutely or percente
agewisc, iorcover the cxecsscs have a smallur naximum variaﬂon and stande
ard deviation than any other me thod, Rourhly, wi may conclude that the
SALLL mcthod will involve nore than » 2 percent saving in transportation
costs on the avirage redistribution os agninst prcscnt mecthods (this cone

. clusion, of course, anplius only to larger problems),

1/lictice this figure is not the purcentage overall saving, Rather it
is obtaincd by getting the porseatage saving for cach of the 100 preblems
and averaging thume This is ¢learly the arithmetic mean which must be -
_used in oonputing thc atandard deviation.



It is to bu notcd that the Forced Degoneracy ealcnlatton, duspite

the fact that i t involves about a 1k Qgrcent rcduetgon in nuuber of shipe
-ments for the avwgﬁc Eroblum (Tablo 2), compares vory favorably with smw

in the v'xr:lablc transportation costs it involves,
‘hble 2.--‘1"\‘1‘“ NUV/BER Ot SHIPMUITS (LINE rms)

» .. In the : Averagé
In the Simplex | papced Dcgoneracy | AbSolute Wt perecatege
501\1140“ BOlutiOns difference | difference diffcre“.

Total, 707 o sl2 65 942 | <3

This result is explained Sy the fact that the Forced Degel;erw uethed Wtoe
maticnlly olim.nnt;:s some trivially small shipments and hence e=n result in -
an overgll decrease in the totsl amcunt shippeﬂ in some problums. However,
in peneral this nethod docs involve considerable variability in the extont
to which 1t.. approximates the transportation costs of the optim:'l solution.
(In somc pronluns its transportation costs will cven be aubstnntinlly below
the Simplex cost fipure,) Hence it scums advisnble to maintain a conservae~
tive interpretation of the low averapge cost incurred by fhe Foreed Degencracy
method, That ‘is, it does not scem appropriate to consider this a reliabh.
rp«».thod fof reducing transportation costs gnless‘fixed cqstﬁ are alse sube
stantial, It is remarkable that this method is able to achieve such satis-
. fectory results with figures ns moderate as those which were employed 1n
the trial calculntions. '
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, X. Operatjons as SPCC .
From £he very be&innihg of our associntion with SPCC it was clear |
~ from the direct ovidonce as woll as by reputation that tho center was an -
offtcient, well-run organisation. Nothing we have had occasion to cbserve
since that tims has led us to’ r;:visa this impression.’ |

Naturally, any opcration is curtain to have some room for m-
provement, and this is certainly truc of organizations whosc mles and
ata.né;xrds have evolvod over time undcr the preasu'rea of day-to~day opere
ating nceds. It is therefore possiblc and convenient for illustratiwe
purposcs to point out a fow impurfuections in  SPCC operations. The pure
posc of such examplss is to indicate the -role which c:ixlm be played by appro= |
priate analytic procedurcs. They are not m:ant to convey a false ime |
pression of mismanagemcnt in any part of thé orcration.

Indeced, our contral regi,xlt.a scrve to point up the relative
efficicncy of SPCC operations. it is Lrue that 75 percent of the large
scale problims in our sample turn out to have been solved non-optimally.
Nevertheless the solutions obtaincd by a combination of machine rule=of-
thumb. calculation and alterations based on clurical judgment, inereased
costs on the average by no more than thrcc percent, which may well be
considered a remarkable pérfomance. |

Ae The Review Poriod

. There is, howevur, oné major feature of current SPCC inventcry
operations which is a;iparent.ly under actim‘reémaiderauog and which we
believe merits careful examination. The period between reviews on ré-
‘distribution and associated actions is approximately three weeks.




This is a wmmu shorter period than that employed by other lavy

supply operations, and it may yell bb- too brief. Vhatever uyinga in lmhr

safety levels, .ar'td uhitovor speed in finding potential NIS situations my
result from such a short review period mist be weighed against possible

" undesirable effects. An excessively short review period can have seversl -
undesirable effects.

l. It adds to computing costs and % the preassure on computer
facilities.

2. Unless specific provisions are made to avoid f;hofl, it can
substantially increase the number of small shipments because excesses and
requirements have not been piven a ehance to grow to an economic redistri-
bution lot size. This can obviously lead to a rise in the outlay for fixed
charges. Jhere is evidence t.hat,'# larpe number of mallishipnentl has
indeed been the resultl. In our sample, over 30 percent of the shipments
involved lot; of no more than fiw items and nearly halvt of them involved
no more t an 10 units. 4 ‘

3. Excessively frequent revieﬁ mean that fluctuations in demand
may not be given a chance to ofset one another., That is, if there is a
temporary rise in sales at activity X and t..hen a corresponding fall, at
| the end of this period the activity's inventory may well be in balance.
Hc:»'\wova-rf .too gTequvent a review migﬁt have led to goods beins shipped te .

X at the end of the upswing in demand, in an effort to eoffset the appaw
depleted inventory, and so activity X would end up in an exocess pesition.
Wherever sich cscillatory demand behavier is fairly characteristie, M-
fore, there is a mﬁorghlo advantage u infrequent review periods.

o




. ke Excessively frequant reviews prevent the compounding of
transportation problems in which coonomius can be achieved by optimal
selection of routes, That is , if for one revi;u period the stock status
of ond 1ine itom involves activities A B C and D and the noxt review peried
involves acttviu& EF and G, 1t will normally be more eooncmié;l to con~-
sider the excesses ard re;quirenents of all scven activities at once and to
decidc on shipping rmtéa accordingly, rather than dealing with sepai'atv.o‘
four-activity and thrce-activity problems. The latter is tantamount to
taking a regular transportati&x problcem and "simplifying® its selution
by breaking it into two subproblems composcd of arbitrarily chosen sets
of activitiesa.

Of course, tris argumcnt is not mcant to imply thut longer review
periods are always preferablec. . There is .lnarly 2 limit beyond which
longer review periods prevent the review from serving its purpow--t.ha
elimination of substantial inventory exces;eé and shortagss. But we
believe that a puriod longer than the present three week review is likely
to be optimal, and is likely to result in considerable savinéu in trange

portation costs.



Be Thu: Size Distribution of Problems 1t SPCC
One of the results of the short reviow period is that the redise
tribution transportation problums tend to be fairly smll., This is illue=-
tratod by the following table representing a samplc of 562 redistribution
actions on or about My 19, 1959. | |
Number of activities invelved

ii:::: as consignor or con- “;:gbb{o;:‘ Pereent
2 296 50,8
3 91 15.6
L 8s .6
5 36 6.2
6 36 6.2
7 or more 38 6.6
Total 582 100.0

This result is significant becausc, «s already indicated, small
prablems of fur relatively littlc soope for cost saving through systematic
invustigation of transportation routing. Indved, any problem iﬁvolving
less thun s;-avem activitics is rarcly worth subjueting to a systematic trans-
portation cceputation. For such a' small problem the number of possible
solutions is ncplipible and any reasonable method of arriving at a routing
decision is very likely to yicld -m optimal or very niar optimal solution.

Even whire scven or more activitics are involwd they may not
morit special coamputational procudurces. If no more than two activities
are involved as consignors (or as consignees) the problem is again likely
to be computatiomally trivial. Thus in our samplc, of the 38 problems
involving seven or uox\: activities, 12 turncd out to be of this wvariety,
s0 that only 26 or L.5 percent of the problems resulting from one review
poriod wore of a size for which sophisticated computing methods are likely

to be worthwhile,. @R



¢ I _mwgor. tion ;awg_mu at SPCO

, ' Tnds suggests thnf. at least with tho current shord revtw portod. )
. dupit.o the gains that amv. shown 1n t.hu report to be made pouiblo br
mpraved mmpomtton rauting cnloulauon mothods » those may not. ropn- |
‘ccnt f.ho most proni'xtug nppmoh to i.ncmsed officiomy in SPcc’a rodig~
| tributions. Fiut, however, it cshould bc romarked that thh ronmuou o
does not. apply t.o all of the !hvy mpply ayat.en. Thore are othor porum g
of the‘mt.qu 1n‘m1chllargo transportation probloms appoar to be far Nore
" numercus and impertant and it is thure that one would-oxpect to find the’ |
.noat. useful application of the rosulta ,of'. the prosunt study, |
o SPCC mdistribution costs can doubtless be approached mere .
' affeétively by extending the study to include an examination of aottﬂty
requiromant and excess f‘igurou ’ whigh ‘Were t.:kén as riven in the present
investigation. Those fipures obviously 1;1ay an gsasntial role in the
detormination of redistribution costs. o

For one thing ’ if 1nventory goals are takon literally and an
‘activity is doclared to bé in a requirements or excess position whenewr Mc
stocks fall insignificantly below or abovo the targut levels, ‘an 1ntolamb1.y
larpe mmb'ei- of 'shipmentu mact resultse  Thoe systnm 'is devrivdd Aot all
. flexibility and 1s mdo oxcescively responsive t,o chanpes in demnd and
inventory levels. Only by a syatamt.io 1nvest.1gat.ion of the coou and
consequences 61’ greawr. tlcxibint.y in oxoess and require:pent crs.-t.eru‘ ,
oan 'qn optiuul arrangement ho apprﬁgchcd'. " Such an,armpgmnt will bo
. ‘one. which balances off the nvﬁgo in t’.ranaport.r;uon ocste .ana'auochm
ﬂxod oharges nptmt. the .cost of daoroaaod napomivmu 1n ahlmnu
to tnmm hvcl chnncu. In any event, it is clear that modificatiens
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in the éxceaa and reﬁusremmta eriteria offer a promising prospuct of
_achieving a reducod rumber of redistribution shipments.

Perhaps ewvun nore anortan'ﬁ, are thse dynamic elements in the
excrss and raquirénenta figures. Shipmont ducisions should ideally refleet
not only currunt inventory levels, but also tho expeeted magnitudes of
these levals in the future. Thiz i3 not a pure mattor oftthe.forecasting 6f
demaﬁds. Current rodistribution p:xt?k:r;ms themselves holp te determing
future inventory levels at the various aetivities. If mdiatrﬁmt.tbn
deeisions are based on curront inventory levels a fecdback mechanism is
formcd, in which ianventory loevels affect redistribution patterns, whieh in
turn affect future inventory lewvols, ahd 80 on, A standard danger in such
a situation is that unless specifie prmrenf;ltfive measurcs are taken, fluo~
tuntions in demand ean lead to magnificd fluctuations in inventory lovels.
The resx;lt is an artificially incrcascd mced for redistribution outlays,
whiéh is vary likcly to Le substantial .{n mignitude. To avoid such ua'am,
excess and requirements fipures must then be determined in a dynamic ocone
text in whieh their interrelations with future excesses and requirements
ara taken iqto account.'dit.h'the specifie objective of reducing overall
redistribution costs over timc, and not just in the short run.

Tt 1s, then; our view that some of the most promising linus of
investigation from the point of view of cconomy in SPCC's redistridutien
operations mvolve'a systematic analysis of the redistribution process
which emphasizos the cxecss and requirement determination procedures.

D, Currmt SPCC hedistribution Rulea

Bafore eoncludinp thesc remrla on wrrent SPCC openttm. l.t
is convenient, for reremm-e purposes to summariss f.ho ndhmuﬂ
procedures wvhich ars c\_zmntly being am—m at SPCC in their current .

]



" program of mppla'-neundl Review. This program is being extensively ro-
written, and some of the ourrent steps will be replaced. R these are
tha operations and the rules which are used at prosent,



Stock Status Review

Not mch more fhan a yoar and a half ago tha steck Status Heview
| was on a quartoriy basis. Now, ui(.h the aid of the sluctronic coapuuh]‘/
it has beecn changod to a tri-weckly schudulc. dcfore deseridbing the
actions taken by the machine, it shouid be noted that the mashine uscs a
slightly more complicated method to accomplish what was proviously done by
the clorks at SPCC, A number of the maichine's caloulat.ions‘ are chocked
out entirely or in part by thc clerks in their review of tho machine's
rcoommendations, The machinc computos rccommundations and CSSR page
chanpes more quickly than the clerks cnn consolidate the transactions and
then make te calculations and the changes., FPut the‘ clerks are now doing
almost as much pap..r work as bafore, and pcerhaps evch more. |

As the caily transaction rccords are fod into the machine, ;eanh
item for which there is an activity or systuom demand sets the machine in
motion. The perpetual inventory tape and cont.mei itmm record tape
are updated. This occurs Vuékly. Once every three uceké the updated
perpetual inventory and contract status tapes are run .through with the
] ealculating tapes. These results are the Supply-iemand review data.

For cvory item on whieh there is an activity or system require-
ment, i.2e, for which a reorder point is reached, the machine géel through
the procodures which will next be described. First it should be noted,

1/Since June 20, 1959, this is an IBM 705 Mark III.
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however, that there my bo a system requimmm , and no activity roqnirm. .
. when the normal system reqrder point is roached or exceeded. The system
_ reorder point is a mncﬁm of the proc\m;mnt lead time, and is automa=-
tically reachud at presst intervals, depending upén stocking pelicy and
lead times, But an activity's reorder point is reached when tha' numbeyr
of months of supply ot" inventory which it has on hand falls b;alou a fixed
figure, known as ite Requisitioning Objective Fastor (ROF). |

When a requiremont scts the maichine in motion it computes the
system's and/or tho activities' roquiremunts or oxcecsscs usin‘g tho following
four concepts: Avernge monthly roplenishable domand, requisitioning ob=
jective factor, variible safety lcevul and stock status. Those will now be
defined,

A, Average inonzhlx replenishablc demind

I. For the System

1, Fast fraction (items with anmual domand of greatar thaa
11 units for untin: systcm)

ae 1.097 standard doviations normally

be 2.35 standard deviations for "usssentiality 1%
items /fpicdominantely load list items (eon-
siderud fo be hard core)7

a2 normal curve ic assumed to apply when the
standard deviation is employed. The gozls
are 85 purcent "iEffcctivencss® normall :

99 percent for lond list and other E-l./ituxs.

2., Slow fractisn (less than 11 for system pcr year)s
2.35 standard deviations are used in all cases.
Here a Poisson distribution assumed to hold.

3. ™X" fraction--not provramed.

Les All fraction system reorder point quantities are uppuod
to cover tho lcad time of system precurement.

. 1/Refors to Military Essentiality of a high order.
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II, For an Activity

The machine allows two standard deviations on the basgis of
an assumcd Poisson distribution eonstructod from the last
8 quarters' demand.

B, Rogy_;gitioninﬁgbj( .ctive Factor for both sEtem and activitgy

This factor is dcfined as tho minimum quantity on hand and en
order nceded to sustain current operations and is composed of
the oporating and safeoty levels with procurement lead dime or
order and shipping time, as appropriate (the latter only for
the systom, not the aotivity--GPCC is investigating the desira-
bility of also bringing it into the activity fermula).

Ce The V'xri'\ble Safety lovel

That is the quantity of 'anntory wiich will previde for minor
intorruptions in supply or changes in demand, fer the systom
only. (apain SPCC is invostimating ways of bringing a variable
safoty level into oporation for the aetivities. Presently it
is on a fixcd months of supply safety stock level, with the
systom on a variable level.)

D, The Stock Stutus (Syst;m and Activity).
The Stock itatus calculation uxamines
- Unehand inventory
Due in (adjusted for dolinquency of com.nct) by dates
Planned requircments egstablished
Jbl:lsyat.ions ¢#stablished. ‘
If any of the following five conditions for printing a CSSR
page are present, ‘the‘ machine will produce an ENIN Action Form (Form 6"10%
These five circumstances ocour '
l. When any activity hns a requirement.
2. 'dhen the system hns 2 requii‘emnt. _
3. VYhen any change occurs ‘in the kequisitioning Objeetive Faetor,
L. Vhen thc item is coded critical.

5. When the item is coded expedite.

Q./M. present the machine mnkes all these scnrches for 2ll ftems in the
inventorye But it prints ocut only the results of its smoiwrch for ¥F :
fraction items on ED’M hction Forms., lhuse are treated as recemmendations,
and are reviewed by clerks. In addition, the clorks originate the needed
redistributions for all "S%, "R" and "X".fraction items during caeh

Supply-Demand Review. o



EDPM Action Fom are deaigned to reallocate or redistribute
stook to correct projectable or acwl ahomau or ax0esses tound 7
exist. because of changes in domund, or to emn_uh systom proocurement
at the regular reoorder point. '
So, if there is an activity or system a?'ortagé, the machine |
1, locates activitics with shortages
2+ locates activities with excosses
3. computes the system shortage or excess from these
figurcs.

{ thers is 3 _system shortage, the EDPM will print uuu.m
or "C" on the CSSK page which i.s the signal that conething mist be done te
correct the situation immediately. Whenever an EDPM action Form is marked
feritical® the rule is that there will ba no attempt made to redistribute.
The item will be wxpedited from due-in econtracts, if they exist, for the

" short activity, or from contracts duc in at othur activitics, whioh if
-diverted would not subscquently leave them short. This is reallocation. |
Or a nuw contract would be sut in motion with all possiblu spseds This '
is procurement allocation. |

2. If therc is no system shortage but there fs an_activity

shortage, 1ctivitics are recognized as being cither short or in excess.

The first step is to secan due-in contraets, 13 sbove, to find if the
shortage ¢an be overcome By expediting the duwe-in contract to the acﬁviv,
or by msllocating from notivitics with excesscs in tﬁeu due-in eontraets.
This lorting through due-in eoutncta ge2s on until thc nquinnut ie
satisfied or until all ooutnctc \dth due dates before stocks at the

~ astivity will be ea:haum are examined and all pessible mllmttm are
" made,




3. If there thon romains an activity with a shortage, redis-
tribution is considored.
A ~ lUach excess stook position is cxamined again in light of the
rosults of tho reallocations to see if thore is going to be enough excess
to fulfill the 'reauirenent and not lsave the activity with the excoss in a
‘ahort pqsition before the next systom buy. Regquirements are filled from
- that excess which exists aftcer the activities! issuv rate, contract dus~in
date has been considercd, neccssary reservations made, and a “"net" excess
cstablished. The decisions fall into two cutegorius:

Case 34, If the systum oxeess is nt; loast 24 H,-l/starting in
Arca Ng/ with t,lhe activity with the preatest requiremunt, the machine sceks
out possible 'wmignom in order in Zone 1A looking for one with sufficient
excess aviilable to fill the totrl requirement. If no such consignor can
be found in Zone 1A an attempt is made to satisfy the total requirement by
partial redistribution in Zonc¢ 1A from consignors with excesses. In this
casc, shipments must be mide in multiples of the intermediate ﬁackl/qize.
If the requiremcnt is not fillcd and the remainder is less than the amount
which cﬁnstiwtus an inturmediate pnek, the balance is caneelled.  If a
requirement remins whiech excceds the intermediate pack size, t)\é michine

trics the above steps for Zone 1B,

1/M is defined as the average monthly replenishable demand, calculated -
over the preceding 8 quarters. Thus 24 M equals 2 yearst supply. :

2/A PUoBIDJ-b explanation for this starting point is that the mble ws
constructed in the East from where the Wust Coast seoms wry far off.

3/The intermediate pack size is the minimum mnber of packages of mm&d-'
which will be moved in an intraservice redistribution. Thus, if five m-
fit a packing case of convenient size, this is the minimum the Mavy will
send from one activity to another. The mle is "munufasturcr's paciage
(unit) times intermediate puck is the movement mﬂ' (see exception n
vdhcuuion of 38 below),



ALl activitios with rquirements in Arca W vill bo satisfiod as
far as possiblc before oross-haul (cast to west shipmont) possibilities
are investigated., Similarly, all pessiblo roquiremsnts in Arca E will
be satisficd boforé crose~hauls are attompteds This is to preclude move=
mant of material nﬁm tho xast co.st to the wost coast while leaving an
unfilled requiremunt on the cast coast. '

Case 3B, If the system éxeeas‘is 23 Mor less, starting in
Arca W, the first activity with a requirement is, if possible, filled from
activitics in zones 1k and/or in 1B which have shown no eurront domands or
no aem;ar:ds in the past B quarturs. The intermediate paek size roquirement
is disregarded for this step. If this docs not.- fill the requirement, the
requiremant is reworkcd into multiples of the intermodinte paek (rounded
off to the huxt higher unit). Then, the procedurc trics to find an act;tviv
in Zone 1A with sufficient excess to fill the requirement. If not sucecss~
ful, it attcmpts 1 pnrt‘ia.l rcdistribution, cancelling the remainder under
the unit times intermediite pack rule 2s in 3A. The remaining steps
are similar to those in 3a,

In cither case (34 and 3B) there will be another reallocatien -
computation for all items with contracts outstanding or a proeumment '
caleulation will bo undertaken to sus if thise redzst.ributtms have 2ltered
. the reorder point, ,

The differcnces bet\uen thuse two 'ways of using the prad.ud.t.y
table rcnects this kind of thinking: Whcn over supplics a2re genurally
great (3A) the gruatest excesses should be climinated first. Bt whe'zever
supplies are pemrnlly smll (JB) onc should try to close out bins
(Leoe romove stock from activitics which have experienced sero deuad for
the last two yeu'-). When this does mot work, then one should revert



to the 10tivity with preatest exeass no m:tter the level of its eurrent Me
It ovhould bo notud that only when activities with sero demands |
| {n 38 are involvod, is the rulc that moves should occur in intormediate
pack size units violatuds This is to allow all of the balanos nt the .
aetivity to be shipped out, and the bin to be elosed.
Le The Iroximity Table

From its name, it would appear that this table represents an
aligament of consignors and concignces that are near to one another. General)
this is the case, as an axamination or a map will shov; Put the .present SPCL
program is a translation into machine operation of what was previously dens
by clerical review. As a consequence, the proximity positions of cortain
pairs of activities are modified from what they should be in terms of
either striet geographic distance or shippimj coste The proximity table
thus clearly also takes other considerations into account. These may
involve retraints upon the selection of -activities uhicix are in process
of being liquidated, .assipncd special missions ctee In other words, the
proximity table is a portion of a progcram put together from the logic
of previous operations, rather than a piece of ohjective infermation.

This is brought out by cﬁmﬁring the current proximity table with

an actual distance and a minimun shirping cost tablc as shown belows

$3



CURRENT SPCC PROKINITY TABLE
VERSUS MILEAGE AND LEAST
TRANSPORTATION TABLES/

70 FROV
PUGET SoUWD (7))

C\mm Mimty TAbl@eessssssssssoncsssvascsoscssese 12 3 75 m?h 76
Mileage............-u................Q........u...-. 72 75 nwo '”A 76
‘Least-Coat transporhation.............-n....n..un. n 75 T2 7‘4 76 0 ]

Cwrrent SPCC Internal Instructions LLLO.)SB 1 Dec, 1958 "An Evaluation
of Redistribution Decisions For General Stores Material®, 1 Feb, 19%6,
Bayonne N.J, Tables S & T pepe A=37; A=39. complete tables appear in
appendix C as Tables III = 1,2,3. :
In the first table, it is evident that Puget Sound (T1) 4s cleser in »dles
to NSC Oakland (75) than it is to NSY San Pranciac? (73)e In SPCC's view
it appears to be better to remove excesses from an industrial establishment
(a navy shipyard) beforc they are climinated from other activities. Hore-
over, it ic desirable to remove stocks from activities with zero demand
quickly, and T3 is more likely to satisfy this eriterion than is 75, It
48 to be noticed hos the clerieal logic has been adopted by the machine,

Looking now at the last line of the first table it is clear that

it is loss expensive to ship to Muget Sound fram San Francisce (73) and
taklani (75) than it is from lare Island (72)s The fact that these
potential cost savings are not taken imto account in the proximity table
ordering of these activities must reflect S™CC experience, in the light
of its desire to close bins, to give priority to shipyards in removing
excesscse This is more striking when the positit.m of Clearfield (70)
is considered in this comparison. Bo@h SICC and the mileage table put
Clearfield nearer Puget Sounl than are San D:Legol (76) and Lonr 2eaeh (7h).
But obviously, hauling over the mountains must be more costly than hauling -
meterial along the coast from a point as 'far distant as San Diege. ln A
its present arrangement, SICC must have been more impressed with distance
than bin closing or parh.apa. larger shipmert possibilities when 4% pwt’
Clearfield 5o Kigh in 1ts sequence over Th and 760 |



T FROM

——

MARE_ISLAND (72

Current mmty tableoooooo--oooooooco-ooooco-oocooo 3 75 ™ %7 70
mm.........'.......................l........\.... 75 73 7h 76 70 n
Least=cost tmnaporbation................-.....n...u 7 ” T 76 ”vN

In the second table, in which Mare Island (72) is the consignee
the praximity table places Puget Sound (71) before Clearfield (70), a clear
difference between the miloage and cost ordering. _Here removal of excess
and bin closing must be the imrortant reasons,

TO FROM
PORTMOUTH (81)

Current pI‘OXiMit,V tablcooooo'!.oooocoo-0coooo. 82 90 88 83 8
I-lileaﬁe.......n...n........-p............... 82 % 88 83 8h 8
least-cost tmnsport«'.ﬁ;ion...o......-.o-'oo'.oyo 90 62 88 83

The comparison for Portsmouth (81) (the lower table) shows
similar disparities  among the three sequwences. An examination of
material relating to the East coast installations indicates that its

ordering sequences resemble that of the West Coast.
Some intercst;ing varintions are found in the East<West hauls,

A few examplcs arc given belows

CURGLIT SPCC PROXINATY T.0LE
VillSUS MULEAGE AND LIAST=COST
TIGMSIORTATTON T4 Lok

70 Fi.0M
CHAMLLSTOR (84)

Curmntlproxinﬁ.ty 1ab1Cesenvsenccrsncsscassssavscccs 10 7‘4 76 75 N
Mileageu....u........u.-......................... 70 7h 76 g
least=cost transport.ationo.....u.......-........... 077 75

> Iv b
233
and

FROM

LomLAcn (7'4)
Current pm:d.mity mble-oooQQQOQOOoo.oo.-oa 86 80 91 85 8h
ml‘-ageooooooo.ooooo-..oooooo-.oooocoo'cooo 86 %0 85 91 8h
Least-Cost t.ransport.ltion...n...u..u.... 80 82 83 8’4 85

BwaE
&8
888
s3%
8388

1/ope cite



- Notoworthy in this pair of comparisons iz tho fact that in the
 proximity table Charleston (86) must first have shipmonts assignod from
Clearfield (70) and then from Long Boach (74) in their exact wileage
sequence. Similarly Long Beach (7h) first has shipments assigned from '
Charleston (86) and then from lcchantesbury (80). Long Beach amd charlenyoa
arc basos for special kinds of cquipment (such as mine sweepers) and might
be considered fo have neod for tho samc kinds of material. It is marked ‘
by the departure from the cross-haul pattern which holds for othor activities
urder which Last Coast installations first receive shipment from Clsarfield
an' Vlest Coast installations firét receive from Mechaniesburpg. The enly
_ot;hez' cxception is San Dicgo which receives first from Charleston, and thell\
from Mechanicsburg.

This discussion lcads inevitably to the conclusion that the
proximity table serves a varicty of purposes only onc of which is the
" objective of moving material between the two closest poimts. The other
purposcs of the table mike it ncceéssary to alter the position of a parte
icular act;vit.y in a "proximdty" scquence, thus increasing or décreasing

its chances of being a consignor.
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XI, Modified Lincar Programming: Mathemntical Supplement

The preceding sections have reported the course and conclusions
of the oresent study. ‘me purpose of this supplement is to supply certain
additional mathematicai considerations which are relevant to ihe investi-
gation. Since the resaarch involved a rather thorourh sur.vey' of the teche
niques a;vailable for solvinpg transportation problems, the results ol this
survey will be included. Due to the néed for approximate solutions and
the importance of the fixed charpes in the present context (explained in
Sections II and IV above), m\.mh of tht} literature is not directly appli-
cable., However, in other situations different methods are certainly mere
apnropriate and this compilation of nethods may be of some use,

“ithin the field of linear programming, the transportation probe
lem occupies a special position. It has the lonnest mathematical hictory
(see, for example, [17 or /27 for transportation problems in disguise),

It w:is formulated as n practical probler before the term “linear programming®
was coinedv(sec 0537, [L7, [57). 1t covers, by inpenious interpretatios,
a ;:réater rauge of proulems than any other type of progrom (see, for example, .
087, 7, 87, 57, [107, [I1]). 1t aas boen solved in more ways than
any other type of progrem. Our first task will be to classifr thesé methodl.'
for this classitication, we shall take the problem in its simplest
mathematical forme 'I’his will avoid formal complications; however, it should
be noted that m st of the methods generalize easily tc the various‘exten"-
sions of the problem that have been considere;r.’. Preeisely, the problea to.

be solved has the form:

s7



Minimize the linear form

T
A A o bt

subject te the constraints

(2) xi.“ 2 0 (i'l,uoo,mi J'l,o..,h)
(3) 2 xl,j - Ei . (i-l’.oo,‘)

3 ;
(L) >i‘ Xy, 3Ry (3°1,400,0),

where the unit transportation costs ci,i’ tha excesses Ei' and the reguire-

mente R1 are given data, we-shall assume that kg < 0, RJ - 0, and ‘2 Ei =
* i

- R3 sihce these are nccessary and sufficicent conditions for the problom

J
to have a solution,
-1 LRACT ALGORITH!S
All seriously competitive algorithm§ make essential.uae of the
follewing dual program and dualit theorem (see /127 or i)t |
ﬁaximize the linear form

(5) I T TV A

sub ject tlo thg constraints
(6) Ui + VJ = Ci.j ('1-1,.‘...,n; j‘lgootv’n.)'
Theorem 1, The quantitiea X, 4 solve the transportation problem
_if and only if they satisf (2), (3), and (L) and there exist Uy and vj '
satisfying (6) such that

(N Xq4 >0 inplies Vg e VJ Gy, 3e

e S e WP b p R



In all of the exact methods proposed to date, at each stage of
'tho cmtation, Variablea Xi 3oVUs,andV 4 are present utnfying some

subset of conditions (2), (3), (L), (6) and (7). The violated eonditions
are then used to alter the variables to mpx-oVe one of the objcotive func-
tions available (say (1) or (5)).
o Primal Methods., In the methods of this class, one always works

- with quantities li ,j ¥hich satisfy (2), (3), and (L), that is, with
feasible X, 5 Then U; and V4 are determined so as to satisfy (7) as well.
~ The violation of condition (6) for some i and j ealls for a change in the
quantities X; 4 so as to improve (1)s This class includes the Simplex
Method /IL/, the refinements of it due to Flood IS/ and Gleyzal /I6/, and
the version of the Simplex nethod popularly known as the Stepping Stone
Method /177, - | |

Dual Methods, Herc one works with Uy and V4 which satisfy (n
in combination with the current choice of the primal variables Xi,y The
) oririnal alrorithms of this class were devised for a special case of the
transportation problem and are called tlL. Hungarian Method (see /187 and
[i_9_7). The most practical versions for the trassportation problem are due
to Ford and Fulkerson (see 207, [2Y], [227, [33]): boucver, essentially t!';c |
same ideas have been proposed by a nunber ol authors ([57, [57, [ e

Threshold and Feedoack ilcthods. The method originated by

Gerst.erhaber ﬁﬂ, is bésed entirely on the dual variables Ui, These de- -
termine Xy, § by means of intuitive "purchasing policies" for the aeuviuu
with requirements which satisfy (2) and (L); vxolataons of (3) then dictnto
the new choice of the Uj, As an apprquation method this is knowna as the
TuresholdeSubcidy Method, A furiher modification, called the Feedbaek -
: Method, was proposed in 2.



Analogue and Oraphical Hethods. In view of the fact that the

exact machine programs are extremely fast, accurate, and accomodate very
large profrase, very little attention has been paid to anslogue and graph-
ieal methods, A ming;-mlley arranpenent ia deserihed in [527 and a
pivot-bar device 13 expldrod'in [597. However, these can never b§ competi~ - .
tive in situations such as t.he applieation under eomiderauon whore spood
is essential., A crucial feature to be noted u that these methgg w
inmduce.neu theory but merely mimic 1n a mechanicsl setting the methods
used in the digital machine proyrams. The sme eonclusions apply to the ‘
graphical methods examined in [3'_]_.7 and [jg.

_‘Dm amic Propramming. The .applicatioa ef d&nmic programming te
the trarwportétionh problem as proposed by Bellman in /33/ has one fatal
Gefect. It cannot handle problemslwith more than three activities in
excess or with requirements without a prohibitively large amount of. ecomputer
iime¢ and spsce.

In conclusion, our survey of the exact alporithms for t;'ie tranee

portation pro-lem leads us to the clear fact that there are only two cure

,' rently Acompetinve methode which have heen tested thoroughly on meny prebe

lems with readily aveilable eodee. The firs. of tiesc ia the Simplex Nethed
(alias the Stepping Stone “lethod), ‘Ihié method is gvanqble' in ready-made
brograms for Almost 2ll scientific computers; the SHARE Pngrgun aamc is
NYTRI. The second method .is 'the Ford-Fulkerson variation ef the Hungarian
Method and is available as SHARE code "I3 TFL, the Transportation Problemes

" Flow ricthed," ZHARE Memo PA L6l | Pértiéularly'for large matrices, this
| 'pmemaffom substantial rains ia ting over NYTRI, However, for the
“'ynunt applmuoa, tho mblm m elearly. m snall and the mw .
-unmopmmxmmumnumrwuum." |

]




| 2, APPROXIMATE ETHODS

‘Very little vfork has been done on approximate methods prior to
this study (the work of Honth.akker m is almost unique). 'I't\'i.u is not
surprizing in view of th.e utiafao'tory state of . the exact methods classi-
fied in the preceding sectiop and the fact that very few organizations have
& quantity of problems 8o large as to neccessitate approximations, The |
‘npatural placc to start was the methods fof constructing initial feasible
solutions for the Simplex Method. These are desecribed in detail above in
Scction V . '

In this section, we shall record one relevant theoretical result
which has, however, not been incorporated in the calculations. The reasen
that it has not been used is that, although it is fairly effective in re-
ducing the transportation costs, it has the unfortunate effect of sometimes
increasing the number of shipments. In common parlance, the result statess
*Never use routes which intersect{"; it is based on the following explicit
solution of a 2 by 2 transportation problem: '

Theorem 2, Consider the 2 by 2 transportation problem with datas

Rl R ’
B, /CG,1 G,2
B \l2,1 C,2
Suppose C1,1 + C2,2 < Cp 2 + Cp ) and that &y = Ry .+ Then the following
diltribuf.ioh is the uniquc solutiom |
0 %2\ /R0
2,1 X2,2 h-i, R
' Mt. This distribution is clearly foasible and U « <C2,
Up = Gy;y ¥y wCy,y O3, Vo = Oy g ¢ Cpp satisty Treoren 1. By
assumption, 01 * V2 =Cy,1* G0 =Cp,1 < C,3 and the selutien is uniquge
Qr

A



To derive our M1b1t1n against "cress-hauling," one need enly
"~ note tm't. the sum of the diagonals ef any quadrilateral is dm Kreater
than the sum of epposite sides: L, »

Let the amounts shipped on this subgraph be

s Xo
X3 Yo

and assume that a cross-haul has beon made (i.e., that X, > 0 and X3 > @) .
We mey assumé that By = X,p + X;p s X3+ Xp =} vithout loss of goner-
ality. Since thc costs satisfy the ascumption of Theorem 2, the unique

minimm cost solution has Xm = 0, which i3 a contradiction.

3. Tl FIKED C"A4GE PHOBLFM
Any theoretical attack em the fzxéd charge problem must start
from the two theoretif;al results of Hirsch and Dantzig ﬁg !
o Theorem 3, If the undcrlying transportation preblem ie aon-
degenerate, and the fixed ehufg‘u“m pogitive and equal .on all routes, thil
any basic eptimal distributien (i.e., with a ¢+ a-1 routes in use) for the
underlying transportation pnbln will u}n tha fixed charge predlem, .,



l'lhéoreu L. In the gencral case, where the fixed ehmu nay vary
from routo to route, an optimsl distribution may always be. nehtovod as s
basic fessible distribution (although not neceuaril.y optiul for the und-r-
lying transpomtion problaa). '
These results su(;geated an att.empt to use an approach anllocm
to the Simplex Aethod, examing noighboring basie feanible dhtrnmtlonl.
The following example axhibits the difficultics inherent in such an

approachs - _
Ry Ry Ry 8 5 3
B /C,1 ©,2 1,3\ _A 9/6 5 3
E;\C3 C2,2 C2,3/ 7\ 3 2 1
2,0 M N ° 02 \) j
2,1 Kp,2 K4 3 10

To exhibit the basic feasible solutions praphically, let x = 11;1
and y = 11,2 « Then the fcm;ible rceion is shaded belows

\,
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The extremo fauibio distributions are tabulated belows

3 B~8j01 o

'250 \o 5 2 (ou: |
1 53

uos 700 .

The total costs are as follows:

A 87
B: 66
C: 65
D: 67
E: 66

Thus E is a'local minimum ( the neighboring basic feasible distributions are
A and D) but is not a global minimum,

It is inevitable that there can be no general theorem assuring
an optimal solution covering the degencrate case, even when the fixed
charges arc constant, if the basic computational routine is approximate,
However, somewhat trivially, we can be surec that we are noving in the right
direction from a current approximation. This. result uill be dighiﬁpd with
the name of theorem although it is liptle morc tfmn common senss.

'Ihéorem 5 Given a fixed eharge problom with constant tixéd
charges on all routes, let Xi, 3 be a distribution with average transport
cost A involving N shipments and let x“;‘ )3 be a distribution with average
trmsport cost & with N1 <N shipments. Then x i3 involves less total
cost than X{, g0 | '

Proof: The total coits involved are

ATE + NK >AZ B ¢« MK,
1 1 :



ke DEGENERACY
Reeall that a degenerate distribution is one in which fewer than
R ¢ n-l routes are used, Such distributions are possible if and only if
‘there are two subscts A and B of the excesaél and requirements, respectively,
such that | |

2 E e 2 R, .
A 3‘4133

On the assumption that the average transportation cost resulting from the
approximation tachniques used is not changed significantly by slight altore
ations in the excesses and reqﬁirements, it is clear by Theorem S that
forcing degeneracy deercasce total costs, Two complementary remarks must
be made in this supplement,

The first deals with the dil‘ric\)alties involved in recopnizing
rathcr th-n forcing dogeneracye A rouph rv's,timatc of the number of compari-
sons necded to check the equality sbove is provided by 3 (2™ - 2) (2R - 2),
(This is mercly the number of none-trivial subscts of excesses compared with
the numbcr of non-trivial subscts of rcquirements, In onc case, only one
sct of vach complementary pair need be used; hence the factor of 3,) This
estimate can be rcduced somcwhat by a partial order of the subscts involved,
building a subsct onc element at a time until 4t exceeds or equals a given
comparison subset from the other class. Thus, we need never go past the
p&int where the comparison subset is excccded or equaled and a larée number
of compaiiaons are avoided, At bust, however, the number of comparisens is

prohibitive as only a part of a larger routine,



The second observation deals with the method adopted for foreing
degeneracy. In any mcthod of constructing a feasible solution which adds
one shipment at each stare, in order to achieve the total of m ¢ nel ship-
ments, it must exhaust eAxactly‘one eufrent. excess or fulfill ‘om eurrent
requirement until thc iaat, stage, Then, duc to the balance eqa;tloa A
Z By = 2 Ry, both an exceas and a requirement are cancelled. The method
for forcing degencracy proposed in the main body of thil'réport is buul
on the fact that it cancels bo'th an excess and A requirement Qiﬂl on.c ship~
ment, The alterations in the given excesses and requirements are bounded
by the factor A . This mcthod is only the first in a class of methods ia
which hicher order comparisons arc madc, E.g., We could aski

E, + <R < ?
is 11’ Ei2 J =2A

If this holds, wc would increasc both Eil and Ei 2-by an amount less thaa er

equal to A and force a deguneracy. This is illustrated in the fellowing

" example:
R, R 8 7
B /A X2 3/L 0\
C Epf X211 X2 . L o
E3\ X3,1 X35 10 o0
B, \%,1 &, 6\ 7
A=l

Serc ) , Bp , and Ey have been increased by A and Ej deleted,

Thes¢ higher order partial sums. are not rocommended for twe
- reasons: (1) they reéuire more complicated programming than scems tmﬁ.blo
on the IDM 705 and (2) the order i which the partial suns are constructed
18 unlikely to coineide with the least eost entries vhich are at tho heart
of SMALC, ' - o ' -
66



1.

2

3

L. -

S¢

6.
[
8.

9e
10,

11,

12,

13.

1,

15,

BIRLIOORAPHY

D, Kdnig, 'ﬂber~0raphen und jhre KnWendunﬁSauf Dateminmtenﬂﬁqrie

3-L65,

J. Egervéry, "Matrixok kombinatorius tulajdonssgairdl," Mat, Fix.
Lapok, (1931), 1628, (translated as "Combinatorial Properties of
Matrices" by H, W, Kuhn, ONR Logisties Project Princeton (1953), mimee=
¢raphed, , '

F. L. Hitchcock, "Distribution of a product from saveral sources to

und Mcngenlohre,® Math, Ann,, 77 (1916),

- numorous localities,® J, Math. Phys, (M, I, T.), 20 (19L1), 22L-23%0,

L. Kantoroviteh, "On the translbcation of masses," Dokl, Akad. Nauk 8,
S. R., 37 (1942}, 199201, Reprinted in Manapoment Seience, § (1958-59),

T. C, iloopmans, “Optimum utilization of the transportation system," ia
Proc, Int, Stat, Conf., S5 (1947), Washinjton, D, C, Reprinted ia
Economctrica 17 supplement (191:93 , 136-1L6,

A, S, Cahn, "The warchousc problum,® Bull, Amer, rath, Sec, 54 (19i8),
1073 (abstract),

G, B, Dantzir and D, R, Fulkerson, "Minimizing the number of tankers
to mcct a fixed schedule,” Naval Res. Logist, Quart. 1 (195h), 217-222,

w.b‘u'. Jacobs, "The catcrer problem," Naval Res, Logist, Quart, 1 (195L),

W, Prager, "On the Catcrer Problem,” Management Science, 3 (1956), 15-23,

L, W, Smith, Jr,, "Current status of the industrial use of linear pre-
gramming,® Management Science 2 (1956),

E, H, Bowman, "Production scheduling by the transportation methed of
linear programming," Operations licscarch, Y (1956), 100-103,

D. Gale, H, W, Kuhn, and A, W, Tuckcr, *Chapter XIX of Activity Analysis
of Production and Allocation," Cowles Commission Monograph Ne. 13, Joha
Wiley and Sons, New York, 1951, ‘ ‘ .

A, J; Goldman and A, W, Tucker, "Theory of linear programing,* Annals |

G, 3, Dantzig, "Appliocation of fhu si.npiex method to a tranmmuen
problem,® Chapter XXIII of Activity Analysis of Freductien and Allceatiem,
Cowles Commission Monograph Ro, 13, John Wiley, New Yerk (1951), 359-373,

M, M, Flood, "0n the Hitcheock distribution problem,* Pasifie J, Nath,,
3 .(1953)’ 369-386, ' ' ' o

6




16,

17,

18,
19,
20,
’21.

22,
23,

2L,

25.

26.
2%,

28,
29,

30,

A, Oleyzal, "An alrorithm for solving the trmporuuon problem,®
J. Res, N, B, 5., Sl (1955), 213-216, .

A, Charnes and W, W, Cooper, *The stupping stone method of explaining
linear programming calculations in transportation problems,"
Science, 1 (195L=55), L9-69.

H, W, Kuhn, "The Hungarian Method for the Aasi t Problem,” Naval
Research logistics Quarterly, 2, Nos. 1 and 2 (1955), 83-97.

H, W, Kuhn, “Variants of thc Hungarian Method for Assignment Problems,®
Naval Research logistics Quarterly 3 (1956), 253-258.

L. R, Ford, Jr, and D, R, Fulkerson, "Solving the transpomuen
problem," Management Science, 3 (1956), 24-32,

L. R Ford, Jr, aud Ds R, Fulkurson, “ifaximal flow through a network,®
Canadian J, Math., 8 (1956), 399-kok.

L. R, Ford, Jr, and D. R, Fulkerson, “A simple algorithm for tindi.ng
maximal nctwork flows and an application to the Hitcheock problem,"
Canadian J, ifath., 9 (1957), 210-218,

L. R, Ford, Jr, and D, R, ulkerson, "A primal dual algorithm for the
capacitatcd Hitchcock problem,” Naval Research Logistics Quarterly, 4 -
(1957)) b?';ho

J. Munkrcs, "Algorithms for the assignment and transportation mblcn,“
J. Soce Ind, Appl. Math., § (1957), 32-38,

B. k. Gallcr and P, S. Dwyur, "Translating the method of reduced
matrices to machines," paval Hescarch Lopiatics Quarterly, 4 (1957),
55‘710

W, Prager, "Numerical solution of the gcneralized transportation probe
lem," Naval Resvarch Logistics Quartcrly, L (1957) 253-261,

M, Gerstenhaber, "A solution mithod for th¢ transportation problem,®
Jc SOCQ Indo Appl. l’!c’ltho, -6. (1958), 321-331‘.

H. W, Kuhn, "Mcthods for solving transportation problems," Techniques
of Industrial Operations Resvarch Seminar, Illinois Inst, eof chb.,
June 1957, .

J. Stringer and K, B, Haley, "The appneation of linear programming h
2 large = scale transportation problem,* Proc, First Iat. Conf. on

,Operatiom Rescarch, Oxferd (1957). 109122,

F, W, S5inden, "Mcchanisms tor linear prppm," Opouuon M.
1 (1959), 728-139, .



1.

32,
33
3k

35

M. L, Vidale, " gruphical solution to th¢ transportation prohlen,
Operations Rosearch, L (1956), 193-203,

B, Zimmorn, “Résolution des proprammes lindaircs de transport par 1a
ncz,hocslu)de séparation en dtoile," Rovuc de Recherche Opdrationnclle,
1 (1957).

R. Bellman, "Notos on the thuory of dynmic ropaming--trmsporution
modcls," “Managemont Seicncc,  (1957-58), 191-195,

H, S, Houthakkcr, "On thc numerical solution of the tra.ns tation
problem," J, Operations Res, Soc, Amer., 3 (1955), 210-2 .

W, M, Hirsch and G, B, Dantzig, "The fixed charge problen,", m-na;,
Docember 1, 1954, SAND Corporation.



APPENDIX A

Tho Sample of Redistribution Problems

Originally SPCC instituted tho tabulations from whieh Alderson
Associntes developed its sample of problems on which trial ealewlations
were run, In the eight yoars, 1952 thru 1959, 85.59 poreent of the value
of SPCC replenishable domand oocuérpd among 13,630 1t.on.‘ While this
involves only 12,09 purcunt of the number of line itums issucd, it accounte
for tha buik of the dollar cost of replenishable demand during this time.

Thuse 13,630 itoms are the "bust sellers" from among the 112,668
for which onc or more demands were registcred in eight ysars. He ecan
assume that, being "best sellers®, thoy are among the most 1ctive in the
SPCC inventory.

From shipmont orders (reeo,rda. of rédist.ribu;ion actions ordered
by SPCC) covering April 1959 through September 1959, these "best selling" |
itcms were mitched with all redist.r.ibut.ions affecting theme. A printout
of mny thousands of items resulted. From this printout, 100 test cascs
were selected in the following manners A

Two dates were selected at random from the rovicw puriods covered.
They corresponded to the Supply-Bemind Review of the L6th week of Fiseal
Yoor 1959 (on or about Muy 19, 1959)1/ and the second week of Fisecal Ycar

©1960 (on or about July 9, 1959).

1/During the Supply-Demand keview of week L6 of FY 59, 6,870 redistri-
butions were recommended by the ZDPM review. Of these 2,132 were changed -
by clerical action, or 31 percent were either cancelled, partially eam-
celled or in othcr ways altered from the machine reocommendations., PFer
this review, 23,722 scparate ‘:etions wers reucommunded. Thus redistributions
were :bout 29 peroent of the work load, :
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From this sample, the first 100 redistributions encountered
which were of sufficient magnitude were selected for the testing ef our
procedures. A distribution was considered of sufficient magritude if
it satisfied all three of the following criterias

(a) it involved three or non'.comigno‘g- activities

(b) it involved three or more consignee activities

(c) it involved seven or more activities altogether.:

n



APPENDIX B
In its assignment Alderson Associates was not asked to develop '
an& of the requisife cost data, These were to be obtained, insofar as they l
exiétod, from a variely of sourccs, It is appropriate therofore to comment
briefly on the nature of the fipgures which bécame available tq us, in
sumiary it may be romarked that there is still a long way to go before the
availablc information can be considéred at all satisfactery.

A. Transportation Cost Data

Dy and larpe, most of the computations were based simply on dis-
tance tables rather than any direct transportation cost calculations. These |
fifuros have the advantare that they are readily available, they are strajghte
forward and accurate. |

| Of'couré(,thr ohjcctive of a'redistribution calculation is to save
on transportztion costs, riot on mileage cqvered,and clearly these are not .
iuterchansocblc datn--freirbt rates have their own peculiar structure which’
is not rcadily explainsble in terms of distance alone, It would therefore
have beun desirable to émploy cost rather than distance‘tableslin the anale
ysis. However adequate transnortation cost figufes are difficult to come |
uy for a variety of rcasoné. |

l. Costs will vary Ly mode‘of transportation, and special rates
apply to less than truckload and less than carload lots, ‘Moreover;the node
of transporfation~employed is out of the hands of SPCC, Once a distribu-
tion action is ordered it is up to the base transportation offiser te deter~
mine by whet means it will be sh;pped; whether it will be cdnbined‘wtth
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other shipments, etc.l‘/ Thus SPCC never knows the cost of any proposed
shipment. in advance and no cost table can bc made up which gives a firm
fipure for the cost of shipping a unit of uéu.x from activity A
to activity B, _ ' .

2, Cost of transportati.on will vary from item to item, This means
that, ideally, there should be a diffcrent cost table Qaed for every item in
the system, Clearly, this is out of the question., The data would bé.far
too expunsive and difficult to collect, and the computer simply could npt
cop. with so much information in its revicw calculations, . |

3. It was theru.fore thoupht desirable te break items into groupl‘
with comparable transportation costs, OH has assembled information from
which overall Eost data were obtained by different federal stock groups. Ia

rticulwr, with the help of OH,wxperimental cost tables were construeted

for the folloving 11 fvderal stock proupse= 2/

oG Dcscrintion
10 Heapons
20 Ship and darine Bquipment
28 “urines, Turbines nund Components
29 linpine Accessorics
L3 Pumps and Comprossors |
L8 Valves
53 lardware and Abpasivces
09 Elcvetrical and Electrical Lauipment and Components
61 Llectric v.irc, lower and Dlstrloutlon uquipment
62 Lighting Fixtures and Lamps
66 Instruments and Laboratory hquipment

}/S‘LC indicatus the urgency of the request. Items neoded bldly get
priority transportation.

g/Items in these eategories made up 85 percent of SPCC ordered rodiatrw-
butions for pcriod Nov. 1958 « Apr« 1959.
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However it soon pecame clear that this was not an apbropriate aggregnt:lon
for present pufpoees. For example, Federal Stock Group 59 contains elece
trical and cloctronié equipment and components, There are‘20 classes such
ass 10, Capacitators; LO, lurs, Tcrminals and Términal Strips; LS, Relayi,
Contactors and Solenoids; 75, Flectrical Hardware and Supplies, and; 99,

. Miseellancous, Items within this group includo:}/

Federal Stock Number Nomenclature (i:e;gzzds) (cubggbgect) <1nP§3§§ar.)
HF 5010-695-l3L1  Capacitator 9.0 .1L6 38.50

HP  59L0-28L-L977  Terminal Box 9.50 .314 15,50

HF 59L5-237-L678  Elcetrieal Contact 15 - Ne 20 75

HIP 59752355«L7L6 Mug Stuffing Tube .10 005 23

P 5000.026-6379 Connceter Switch Neds Nele 7450

HF  §099.006-2715 neooow 10,75 +305 L7.00

HF 690941974961 " " 5.00 007 . 1450 .

n.a2. Not available,

This indicates clearly that transportation costs will vary cone
sidernbly from item to item within such a group, so that it will nct ﬁrovide
an rmpropriaf; hasis for developing a small number of representative cost
tablus,

In sum, transportation cost tables which arc satisfactory for

redicstribution computations have yet to be developed.

1/Information from CSSR page.
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. B, Fixed Charges .
_As 18 to be expected from their very nature, data on fixed charges |

are cven more incomplete than those on transportation cost. Ia prdeti& it
is not alyay‘s possible to identit}) a fixed charge from accounting records,
~ Whcther a charge 48 fixed or not depends, ultiﬁate_ly,_nn how it behaves -
when the scale of an opération is varied, and this therefore often cannot
be deduced from observation of & iven state of the system.
Our only information to date on the magnitude of fixcd charges
ocomesto us from thrue spucific sources: '
1. "A Propesal for Reducing Redistribution of ngeral Stores
Material," BUSANDA Project No, NTOOLO10 - 25 Feb, 1955,
Bayonnu, N. Jd, |
2, ALRAND reports SPCC, |
3. Progress Report No. 28 “Prelimir;mry .findings NxS Quonset
Point, Re 1.* 11 Dec. 1959, Dunlap and Associates, Inc.
(and notes of report presentation by Dunlap in Washingten, .
29 Febe 1960.) '
Costs which arc fixcd por line itun&/ regardless of size of shipe
ment were stimatoed at 3,60, This figure eomo from the first source sbove,
It consists of paperwork coste,
The procurement fixed costs were either $3.15 per line item if
initiated by field activity or $L.18 per line item if initiated by 0SS0,
for local procurement;’ aﬁd were $18.08 per liﬁe item 1"or central procure-

ment,

_i/A line item is the stock position of one item at one activity.
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The ALRAND reports from SPCC give us the following values for
fixed costs: | , ' _

1. Procurement costs £25,00 per order (document, not line item),

2, A holding cost ‘of 10 percent.

3'. An obsolceneo rate of 20 percent,

L. A shortape cost catimatod as the square root of the unit

pricc, or derived from allo.wnble risk, or -on the basis o.f
the Navy's accounting system for ships and operations, er
the pure judgment of several specialists compared,

5.‘ A figur: sometimus called the "honking® charge, or the

amount it costs SPCC to track dov;n and eliminate a NIS |
or notential NIS situation, thought to be $12,00,

6, &n cstimated $9,00 per line item from Code 710 for a

rcdistribution action for SPCC costs,

The Dunlap report isolated costs by departments of the Navy supply
operation at the bases at which thcy did thcir worke They. found that the
majority of thce cost totals werc fixced over rather wide volumce of rediatri-ﬂ
bution acixons. |

They also found wide differences bct,w&n the cost of processing a
supply action from one basc to another, This cost diffcrence was, in some
cases, éf the order of 6 to 1, These co;ﬂts were in terms of dollars per
line item, and the basic differenccs came about because of the different
missions assigned the base in which the Supply function was ¢perating.

In the long run, the cost function was found to be a stcpecost
curve, Additional personncl are cmployed or reductions occur as work loads
change in markégi degree; In the short run there are no marked changes in
number of persons employed. Howwer; for such periods, D.mlup Muzﬂ
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'. an additional fixed change factor, that of increased waiting time which
results '_i’rom the handling of additional documents or line items, It is not
too clear from thc available data wheother or not an incroase in the number
of units distributed, while keeping the numi:era_ of redistributions constant,
would have an anpreciable effect. Such an effect would doubtless be felt
in' somc portions of the'wo‘;rk of the base such as the breaking out of invene
tory, counting, péckaging, etc, Waiting time would app-ear to be a cost
which is fixed with respeet to the number of items shipped for functions
such as control, record-kceping, inventory balancing,

The Navy works on aponropriutions for fiscal years. Each operating
wnit gets a rother fixed amount of money to do its work for a year. As a
result ,' the total cost of. the Supply Department at NAS Quonset Point for
fiscal ycar 1959 of 2.7 million dollars,ywould limit the adjustmhta
wrich could be made in persox;mcl or cquipments in the face of increased
redistribution a2etions,

C. Coéts of Procurcment

Most incomplc;ce of all is our information on procurement costs.
Here ﬁne date problem is inherently so complcx that there seems to be little
immcdiate ﬁrospect, of improvement. Procuremcnt costs are highly dependent
»n the scller from whom an item if being obtained, his gcographic location‘
in rlztion to the activity to which delivery is to be made and the levol of
" prices at the time the purchasé is made. In addition, since e purchase odds
to the s,vst'em invenhofy, discomted carrying eosts must be added to the |

purchase and transportation cost of' th¢ item, where the appropriaste discount

ypo 7. Dunlap and Associates Report No, 2 @o -C_&o'
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rate for the Navy supply system is by ne meane obvious (cofs the dioﬁodaa
of the procurcment cost coefficient in the model in section IV above)e The
available estimates on precurcment costs come from 'd:o'earuer Blym
study of rodistribution referred to in scotion B, aboves SPC uses an
clti.n‘atod $25.00 por documant. '_Dmhp reports only.on act.ivit.y sosts
naeociated yith the receipt of procurcments, leaving the vast area of

SDCP coste of procixrauwnt for a later studye At any ratc it is cloer thet
these costs arc not available in aufﬁcic;t detail and in a form whieh is
suitable for a combined procurement, redistribution and renllocat;m

computation.
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APPENDIX C

Table I.=-NUMBER OF SHIPMENT ROUTES REQUIRED
BY DIFFERINT SOLUTIONS-SIMPLEX METHOD

Problem Alternate Solutions Showing
Number Number 6f Routes '
l 8, 8
2 15
3 1, 11, 1
N 8
5 9, 9 9
6 9
7 95 95 9 9
9 89 8, 9
10 12
11 9
12 6
13 8, 8
1L 9 9 9
15 8’ » 8
16 6
17 6, 7
18 6
19 8, 10, 9
21 : é
22 .o, 11, 11, 11, 11
23 9, 95 9 ,
2 6
25 ‘ 7, 8
6 [
27 é ,
28 9, 9 9 ,
29 : 8 -
30 114: qu lh) nh 1&
31 8, 7,86, 8
32 99 90 9,95, 959, 9,9 9
33 6 .
3k 7
Maximum total - 288
Minimum total 282
" Percent difference 2.1
' 79
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- Appendix C

Tablo II-A,--TRANSPORTATION "COST"

FOR ALTERNATIVE SOLUTIONS
(In 000's of {tem-miles)

SPCC Ferced
Probl:n ordured Simplox |SMALC V::Od Prot:b?ty degeneracy
numbo shipments method |method | me e nethod
100-.0.0.50.. & 60 &0 &0 61 . 59
2..00000-.0-. 279 ?35 2&7 285 2'46 m
Jeeeevereeeee| U157 b 4,095 { 4,157 4,151 | 4,112 4,157
5,L08 5,352 | 5,365| 5,363 { 5,L08 5,365
XXX XY) 2,912 ’ 2’870 2,670 2’923 2’”5 2,8?0
LR N RN N RN NN NN ] mh 1& 161 178 171 1-62
7-.0..00-.-00 1'615 1,(510 1,610 1’616 1,629 1,617
RO hl? 386 387 389 h17 3”
90-....00.00. 7 (m ’987 6’”9 7’0” 7 %S 6’”9
100 seseessoany lo 859 10,6’4’4 10,6&6 10.727 10 808 N m’&b
11..;-..0.0.. 156 135 1% 11‘2 159 136
12.‘......... lm‘ 98 99 103 99 ”
13-.0-.-0.--. 59 58 58 58 58 58
u"......'... 129 127 128 127 128 1” .
1500.-..0.0'0 801 i 757 763 : 761 &01 763
160..000-.00. 20!-‘ 201 201. 227 201 203
l?oooo'oooooo 30 29 29 . 30 30 28
18...‘....... 73 72 72 73 78 72
1900000-'0000 61 58 59 59 59 57
2e000esnsces 11k 110 i 113 111 107
-3 260 231 231 257 280 164
. J 2uL2 Ll 241 242 2L2 2Ll
230.-...-00.0 LO 39 bl . bo hé hO
2h-.n..--oooo ’JB 39 ho u ho ho
25:ecescncnes 250 L9 251 26L 250 251
. ?6.. ®scsscvssoe 2“7 2h2 2&5 2!-‘2 21-‘7 258
270..000.0000 , d;916 h,912 h’913 S,Shl h’916 h’913
2800-...0.0.0 8’49 81‘8 8h8 81‘9 8’49 Bsh
29..-.0.-.!.0 853 816 816 821 8‘18 816
30ceceeanases L89 378 379 379 L88 n
310 eesesees o; h89 h82 h83 h83 h82 [068
32¢eereresnes 851 795 | 7195 795 795 795
330...-.-.000 9‘4 78 79 i 79 . N‘ 83
| 252 2L9 2L9 250 252 2Ly
35....0'0-..0 83 82 83 85 83 Bs
esecssssnnee 1% 135 136 1% . 1% . 136
-37.....0.-.-0 3 3180 3,19? 3,2% 3'197 ! 3,2& 3.2“ :
veeveeenres | 1k28 1420 | 10k20 | 10k29 | 1,428 1428
39000'-00q000‘ l(’%l ' 17,&41 17,&‘1 . 17’950 17‘“7 IV'M“
ho.......‘... bn h” B w h’s 31 hz’




Appundix C

Table II~k.-~TRANSPORTATION MCOST®

NR ALTERNATIVE SQWTION
(Continucd)

(In 000's of item-milcs)

61

SPCC Foroud
Problem Simplex | SMALC VAM Proximity X
- orderod N . degencracy
numbuz shipmcnts method | method |method table method
, ‘Jloo sesovoce 230 227 228 232 229 ' 2”
h2.....‘... 27 25 25 25 25 . 2“
hJ- sesese e 778 777 791 796 ) 778 799
tessesses . 2 24 2L 2 oL 23
USeeveneene .11k 113 113 114 113 112
Ubeeeenrens 379 3L | 365 | 367 379 365
L7eceienees 139 138 138 138 142 138
hsoicooonoﬂ 82 82 82 62 82 82
h9lloo.0... 21 21 23 21 21 23 ’
So.-..ooo.. 13 13 13 13 13 o lh
Sloo.oo...o » 61 . 61 61 ’ 61 61 ' 61
Sbooo so000 0 MJ? h23 l‘23 ll?S h?) u33
530to--00.. [ 87 86 % . % 87 86
(AR E RN N N ] 20 19 19 19 20 .
5- [N XXX N N 3'391 3'3b1 3’1431 ’575 3'391 3’1431
XXXy 572 572 572 ' 579 5712 585 '
S?.o-oooooc ?69 268 268 269 269 268 i
teesesens 33 33 33 33 33 33
590000--500 73 73 73 73 73 73 ‘
&ocoo..n-u llh 113 ' 118 116 lu 118 '
6levennr .o 3,860 | 3,853 | 3,853 | 3,86 | 3,854 3,858
37 J Lo Lo Lo Lo L0 Lo
63ceeccncne 993 993 993 | . 993 993 992
Bheevenennn 16 15 16 16 16 1L
()S.oo'oaoco 12 B 11 11 . 11 12 11
66evinnnine L86 L72 L73 L67 L8é 502
670000-.0-. 7 7 7 7 7 6
cesecssee LS 2Lk 2Ly 2L6 2L5 L8
69ceenncens 37 37 37 36 31 36
7000.-....- . 26 260 ‘ 260 260 %o 2&
2 TP 162 161 161 163 173 lol
72.-0.0.... h? b2 h? ‘ h3 h3 h?
Teeerarers 499 b8 | Loy | so1 | usP L99
TUsseesooes 156 ) 155 155 155 155 152
75‘.... seese, 2’901 2’901 2,902 2’902 2’”1 2’929
T6evecscecs L83. L83 L83 509 509 Le3
77. (X AENNY ] 1’759 . 1' 759 1’871 1’812 . 1’759 1’6?1
7 evsvccrve - 92 .92 92 93 93 6’ .
'”Ooo-.ono. P 320 826' m ' 828 326 w
A X R R XY ] 61 ' 61 61 u




Appendix C
Table II-A.-~TRANSPORTATION kCOST®

FOR ALTERNATIVE SOLUTIONS

(Continuod)

(In 000's of itcmemilus)

Froblem | SPC | simiex| smaic | van | Prextmivy dé':m”dw |
numbg» 'himnt. mothod | maothod | method table mathod

Bleceessena| 10,796 | 10,796| 20,796) 10,901 | 10,796 10,796
B2.v0censen 393 393 393 L16 393 393
83.0....0.0 70 70 70 75 70 70

certenaes L2 2l2 L2 L2 22 L2
85..-.----. ?3 ?3 ?3 ?3 23 23
86-0.-0..0- 1’356 1,.’56 1,356 1'358 1)358 1’356
87......... M & m 86 86 m
68eveccncsce 932 932 932 932 932 932
894 enearene 7,902 7,902| 7,921 1,916 | 7,902 7,902
”0.0.--0.0 21‘ 2h 2h 21‘ 2h ) 29
91...0...-- 65 6‘5 65 65 65 a‘
92ecienvene 219 219 219 219 227 219
93eecvecnce 117 117 117 117 117 117
eeeeonase 232 232 232 232 232 232
950‘0.--... ul lh lh 1‘-‘ ll‘ 13
90eceecencs 80 80 8o 80 8o - 80
97.-000.0.. ?7 ?7 ?7 27 27 27
98.-.0...-- 1,519 1,519 1,519 1’533 1’525 1’519
99‘... s e 837 837 837 8b3 837 837
100..... XX Ll8 l‘8 w he b, ) h9

Total..| 112,703 |11,453 h11,868 Q13,260 212,309 | 111,925

1/S1light differences may .xist beciuse of rounding.



- Appendix C
Table II-B.--PERCENTAGE EXCESS OF TRAISPORTATION COST

OF ALTERNATIVE SOLUTIONS OVER
OPTIMUM (SIMPLEX) SOLUTION

(In percent)
SPCC ' : Forccd
Problem ordored | SMALC YA Proximity | gegencracy
numbers shipments | Method | method table method
looooo.ooooo 7.2 0 0 1.3 "006
2....'..'.‘. 18.3 h.a 21.3 IJ.? 6.2
3..... [ XA XN N J 1.5 105 . loh . 0.’4 1.5
®escncsseee 1-1 003 0.2 110 ' 0.3
Sonooo;oaoo. ’ 1.5 0 1.8 1.2 O
esescconsoe 26.8 ’ 002 11.1 6'1‘ ; 1.2
7.0..0.00.«. 003 0 0.3 ) 1.1 O.h
. P.o‘o‘cooo.oo 70? * 006 707 o.,
Ogeeonccreee 002 R 002 006 1.1 0.2
llooooooonooo 2.0 # 008 1.5 *
1100.0...... 15.5 100 '3.0 ' 18.3 1.0
12000...00-. Sos 003 501 003 B 003
13ecsasnccass 1.3 o 0 0 0
[ XN ERR NN J 106 005 0 005 . 0.5
15.00.-00. [ X ] S.O 009 . 0.5 S.Q 0.9
16........0. 107 o 1390 0 101
17..0.000... 3.0 o 1.6 . 3.0 ‘0.8
180.0..0_000. 1.1 0 0.2 7.9 0
19--0..00.-0. 3-7 b 005 0.5 "1.6
20000ccescns 208 5 2.0 005 “3'0
21....-0..0. 21.0 . O 11.3 21.0 ~-28.9
22..'..".'.. 0.1 0 O.S 0.1 0
230.---.000. 0.3 3.6 0.3 15.)1 ’ O.S
2’40-.-0.0-.0 ,0.2 0.3 2.3 0 0'3
2500-000.00. 0.3 0.7 6.1 003 007
260000000000 2.1 1.2 0 2.1 6.
2Tescvscsses 0.1 * 12.8 0.1 ®
2Bereeccecce]| 0.1 ) 0.1 0.1 0.7
29.00.0.0-00 b.s 0 005 3.9 ' 0
30....-..0.. 29.2 . 0.2 0.1 - 28.9 "200
k) P 1,3 * * 0 1,0
3?0.::.-.«00 ’.0 0 0 o 0
33-000'00000 2“.0 . 0.1 0.1 7.2'] ' 6.0
Leseoosooee| - 142 0 Ok 1.2 0
35. esesvveve ) 1.1 1.1 3014 101 b.s
ssecccsece 0.3 (¢] 0 3* OQL
37eevenscesns L.S 2.8 B ¢ 0.1 2.8
eeevececed 0.6 : 0 006 0.6 003
39.0000..00.0 007 0 . 0.6 001 . Q
Vessovecsoce 0.6 0 loh 0.5 o

0.



Appendix C

Table I1-b,~=PERCENTACK YKCBb OoF 'IRANSPORTATIW CoST
OF ALTER ATIV) SOLUTIONS OVER
OP‘I'IHUH (SIMPLEX) SOLUTION
(Continued)

(In pércent)

. Foi'ced

8pPce

Problem . SMALC VAN Preximity o

mmbers | 29070 | mcthod | method | table | 9°8omeracY
Llesesessesef 1l 0.3 2,0 o.4L 1.1
L?oo.‘oc.oon 506 O O o "‘02
’43-...00.--. O.l l.ﬁ 2.14 * 2.6
hhtoooooo'o' 11.9 0 0 0 -3.0
l[sooooooocoo 0.1 0 0.1 . 0 -Oob
b6-aooooo.o. 3.9 * 0.7 3.8 *
L7'......... .::‘ 0 0 2.6 o
bﬂooo.o.oooo 0 0 0 0 0
hqoooooooooo 0 702 0 0 702
50scssscecee 0 0 0 0 0.4
51.-_..0...0. 0 O 0 O o
52.0..l'.'t. b.é 0 0.6 0 . 2.1[
530-;....0.. 0.1 0 0 0.1 ) 0
Sleereccones 6.5 0 0 6.5 0.6
55.....0000. 0.9 2.1 6.1‘ ’ 0.9 201
Séoo-o-oonoo 0 0 1.2 0 2.1
57.0---...-. 003 0 0.3 003 0
Sf)-.ool.oooo 0 O 0 0 0
S‘?oooco.o.u. 0 0 O 0 0
(’Oo-o.aoooco 003 3'}4 202 003 . Bih
(‘1......000. 0.2 O 003 % *
62cevescenss 0 0 0 0 0
630300'0000. O O O o -0.1
614'--0. ooooo . O.h * O.h OQL' -2.2
6Deesecsssse| 1042 0 0 10.2 0
6.60000000000 301 003 3'2 3.1 605
6700..--0... 0 0l3 0 0 -2109
68..0.0000.. 001 0 o.h ool 103
69-0--0...00 0 o 303 0 "'001
700100000000 ’ 0 0 O 0 0
710¢oaaooot¢ 005 0 0.8 7.5 0
720000000000 0 0 1.7 1.7 O
73.00--.0000 # * ool‘ #* %
7,-6.-00-..... #* O 0 0 .203
7500000.00-. 0 * * 0 009
76.0.000.00. 0 0 506 5.6 0
77..-0--..00 ! 0 6.3 3.0 0 6.)‘
78: +900 00000 0 0 0.5 008 "30.5‘
79-,..00.0.0 0 O 0 : 0 : 0

(L A XXX RN NN R ] 0 0 '0 0 o's




Amcndix ]
’;nble 11.3,==PERCENTAGE BLCESS oy TRANSPOR‘!’ATIN oS8T

O ALTLRNATIVE SOLUTIONS OVER
OP'I'II_WH {SIMPLEX) SOLUTION

~ (Continued).
(In pereent)

Problem | orooced | SMAIC | VAN | Proximity | geporcacy

numbers shipments mothod | method table mothod
81..-.00..00 0 0 1.0 ’ 0 0
82...-0..... 0 0 5.7 0 0
83'......... o o 6.9 o o
ﬂ!ioooooooooo" 0 0 0 0 0
BS.......'.. N 0 O o 0‘ 0

[ EE XN XN NNE] 0 . o 0.1 . 001 0
87.-.-00..0. 0 3.0 ] 0 3.9
{"6000000000, 0 0 4] 0 0
B0ceescnsecs 0 v} 0.2 0 0
9Cesessnenee 0 0 o 0 1907
91.-......0. 0 0 O 0 "0.5
‘.’2.....0.0-. 0 O 0 306 0
93'...."... 0 o o 0 0
91&».-.....-. 0 0 0 0 (V)
U eversocoss 0 0 0 0 -hos
96.-:0.----. 0 0 0 0 .0
97.00-..0... 0 0 0 ) 0 0
98...0....0. -0 0. 0.9 Ooh ‘ 0
ngo.t...o.. 0 0 007 0 0
100ecosssesns 0 0 0 0.1 0.8

weragd/o| 2,60 0,45 | 1,60 1495 - 020

i/:”:l;ght differences may exist because bf rounding,

- # L¢8s than 0.1 percent.



APPENDIX<C.
TABLE II1-1 SPCC PROXIMITY TABLEY

AREA W (WEST COAST)

Zomm 2 B

Consignees - .Zone 1 A Zone 1 B Zone 2 A

5 BHBRW® MW 80 86 8 83 8890828 9105
n 2737 707476 60 8L 83 88 %0 82 61 86 91 8%
72 35U IO 80 86 8L 83 86 $0 82 61 9 85
73 7% 72 U ie 7170 80 86 8L 83 88 50 82 81 91 85
b 6737572 107 86 80 91 65 8L 83 88 %0 82 81

75 BT2WW 7170 80 86 8L 83 86 0 82 61 91 85
76 L 75 13 72 70 M 86 80 8L 91 85 63 68 0 82 51

78 08 % 62 81 86 91 8

7172 73 75 70 7h 76 80 6L 83

Consignees #REA E (EAST COAST)

& 62 %0 68 63 6L 60 91 65 86 70 75 73 72 W N
£2 £1 90 66 83 Bl B0 91 65 86 70 75 73 72 W76 71
8 BL 66 90 80 82 61 1 85 86 70 75 73 72 %76 7L
Bl £3 8O 66 o0 B2 Bl 01 BE 86 70 75 73 72 016 N
8% 91 & 83 B0 86 8B 90 82 B1 70 7Lk 76 '75737271
8 01 85 6L 83 B0 88 90 62 81 70 7L 76 "I IR N
B % 82 3 61 6L B0 91 B 86 70 75 73 72 nwwn
%0 66 82 €1 83 B 80 91 65 86 70 75 73 72 WML
Q 65 6L 63 80 86 88 %0 62 81 70 7L 76 mwsMRN

3/SPCCINTINST LLLOL3SB 1 DEC. 1958,

.

i 8 PR U s




TABLE TTI-2 MILEAGE BETVEEN NAVAL ACTIVITIESY

AREA W (WEST QDAST)

Consignees Zone 1 o ' . Zome 2

n 812157370 76 80 8L 83 %2 85 91 62 88 86 B1 %0
72 | 53T OTLIB B0 64 B3 92 82 86 85 91 81 %0 86
'3 75 72 7% 76 10 71 18 80 8L 83 92 91 85 82 88 66 81 %0
T ' 761573727071 18 - 86 80 85 91 8L 83 92 82 88 81 %0
78 . O MBTRMWIONG 80 84 83 %2 85 92 B2 88 B6 81 %0
7% L 75 7372 70 T1 78 86 80 65 91 8L 83 %2 82 88 61 50
0 NRISTZOWLI 80 8L 83 92 85 91 82 86 88 81 %0
Consignees | " AREA & (BAST COAST) o
81 82 50 88 83 2 8L 60 A5 51 86 70 78 TL 72 7L 75 13 76

& B1 90 B8 63 02 8L 60 85 91 86  70°78 71 72 7L 75 73 76

3) 52 6L 85 80 %0 62 81 85 91 66 © 7078 7L 7172 75 73 76

8 K2 BORR 0 B2 51 BSBL 86 70 78 71 72 U 75 73 76

8s ‘ 91898&8663928890&2 81 70 7L 76 78 71 75 73 72

8% 85 91 60 8L 83 92 88 S0 62 61 70 74 76.78 71 75 T3 72

88 ' 90 62 63952 618LR0B591L 66 7078 7172 7L 757376

0 82 668183 928L 80859186 7078 7172 Th 73 15 16

a 85 80 BL 66 83 92 B8 90 82 61 70 74 76 78 71 75 73 72

% 83 6L 68 60 90 62 61 85 91 86 70 78 74 71 7275 13 76

mdﬂ. "" " ‘39




T/BLE III~3 MINIMM FULL LOAD TRANSFORTATION MATRSY/

AREA W (WES? COAST)

Consigness Zone 1 | -+ Zone 2

B -] | Telte ' ‘ .

n | B3TST2 W6 B0 62 8) Bl 65 91 52 B6 1 86 %0
? BHWWRBN 8 82 83 8L 85 51 %2 86 61 68 SO
7 7572 7 76 70 18 71 83 80 82 A4 85 91 92 86 88 81 %
7% 162 MISTOMN 80 82 83 Bl 85 51 92 80 86 £1 %0
75 7273 7L 76 70 78 71 8380 82 AL 85 51 52 86 88 61
7 W7273 750 7870 . 80 62 63 BL Bs 91 92 BB 86 B1 %0
78 ‘ CTLT7375 7274 76 70 80 82 83 8L 85 91 92 b8 86 81 0
'Cmipm ' ARBA E (EAST COAST)

81 9 B2 88 63 92 80 8L 85 51 66 7071 73 74 75 76 78 12

82 88 €3 52 90 81 80 8L 65 91 86 71 72 73 7L 75 78 76 70

£3. . 66 82 90 8L 92 8591 80 81 86 70 71 72 73 7h 75 78 76

8L P 01 B3 0 B0 86 90 62 €1 B6 70 71 72 73 7L 75 78 76

65 91 6l B0 B3 92 86 62 86 90 B1 70 71 72 73 7L 75 78 76

86 85 91 60 63 92 64 82 90 81 8L 70 72 73 75 71 7L 78 76.
8 83 52 62 90 61 Bl 80 65 91 86 70 73 7h 75 71 76 78 T2
0 | 81 82 £3 92 B Bl 80 A5 91 86 7071 73 T4 75 76 78 12
2 85 BL 80 83 52 66 62 66 90 81 70 73 72 73 7k 75 78 76
% 88 B3 82 90 8L BS 91 80 81 86 70 71 72 73 L 75 78 To

1/Table "S", pe A37 &

nguru used to ordor above mmeo \nn oithor rail a
trusk, whichever cheaper, prepared at Bayonne, N. J, by Navy .
. Central Preight Cemtrol Office 1 Jan. 1955,

Rede Not availsble. : ' 88



APPENDIX C

Iv, ‘Remeehtative Probloms

These four problems represont an cxample of eaeh ql‘ the followings
Problem a, Outstanding improvement in reducing transpertation.
Problem b, Small but important improvements in t;rmaportation.
Problem ¢, High degreec of degencracy.
Problem de A large number of alternate solutions,
- There are se¢ven tibles shown for each probleme. They represent;
1, the transportation' distance between activities with ﬂ.\c a:éen a re-
quirement at ecach activity;A 2. the 8PCC ordered shipments; 3, the selution
using the Simplex method; L. the solution using the SMALC method; S. the
solution using the VAM method; 6, the solution using the prescat SPCC proxe
‘imity rules (solnt::ton 2 contains variatiom.fron elerical rceview and this

solution ignores these changes); and 7. the solution using forced degencracys

Problem a,
FuSeN, HF 2815-36L-L3L5 Average monthly systcm domand 7.1)
Nomcne Cover He Activitics showing dumand 10
Unit Price 115,10 A 1
1 ?rag::z:t:::on Table ' | 2 ﬁéég___lﬁ_%ﬁ
Excess Coneignor S50 76 86 90 " 5% 76 86 90
10 70 63 9LO 1991 2506 70 10
7 7n 3265 WLO 3262 3320 n o
18 (" 287 102 2948 333% . 18
51 75 239l 571 329 3380 7% 13 28 10
18 B2 S669 BTL 99 M B2 w
20 83 5558 3230 W7 LU7 83 % L
1 -85 5623 22 M6 66k 8§ 1
Requirement L8 28 16 39 © (Resulu 203,519)

~ The result of the SPCC ordered -shipments is expressed as the sum of the mume
ber of units X the distanse sach moved, kash subsequent method shows & re- -
~ sult calculated in the same maaner. |

-



3. Simplex Solutjon
- Sonsipnco
Consignor 50 76 86
| 70 - 10
n 7
W 18
7% - L8 3
82 o
" a3 5
85 1

(Result: 160,565)

Se VAﬁ Solution
Consifnee

Consiymor 50 76 86

70 . o 10

[ 1

i 18 -

75 23 26

82

8 - 5

85 | 1

(Rcsults 178,351)

90

18
15

°0

18

15

b SUL0 Soluties

50 7% 86 90

7 10

no1

4 18

5 W 10 o
e "

83 .5 18

8s 1

" (Result: 160,873)

6. ' Proximity Table
Solution

50 16 86 90

A7o : ? )

7 7
- 18 |
ST W83

62 - 18
) 15 §

85 1

(Result: 170,913)



" 7. Forced Degeneracy Solution

’ Consicnee
Consignor 50 76 86 90
0 . 1
n 7
o 18
75 L 10
82 18
63 s 15

8s
(Result: 162,468)

9



Problem be _ . L
P.SN. HF 2910-261.2778  Average menthly eystem demand 2

Nomen, Nossle F Activitiea shewing demand
Unit price (5,10 A ‘ 3]
1. Transportation Table 2, 8rcC Onde
Excoss Consignor 75 B 15 -8
50 n 133 893 ¥ M S0 |
18 73 L95 8 NN 73 18
20 o 9l 2963 187 o B
60 86 208 3299 W7 86 60
10 90 3336 3380 2 90 10
Requirement 686 60 ¥ . (Result: 279,630) .
3. Simplex Solution . L. SMALC Solutjon
Consignee |
Consignor Tu 15 63 w1
n B L2 n 8 k
13 18 7 18
80 20 8o o
86 60 86 60 -
90 | 10 90 10
(Result: 231,11L) . (Kesult: 231,11k)
5. VAM Solution 6., Proxim;l:io'l‘abld
nmo1 8 0B B
7 50 n %
73 18 | 13 18 |
80 20 s 20
6 » w8 &
90 10 . % 10
(Results 257,190) . (Results 219,60)




7. Forcod Degeneracy Solution

w15 83
n .60
73
80
86 30 30
90 '

(Result: 1614,1:30)

-9



Problem c,
' F.S.N,

'Exccss Consignor

2
15

Y Y

HF  2910-336-9905
Undt price $1L1,65

1. Transggrtation'Table
Consipnee

71
72
13
h
76
83
90

Reguircment

3. Simplex Solution
AiaE b, c]

!
72
73
W
76
83
90

75

(Results

85
2
9
1

% 85
893 3201
30 3271
8 336
L2 301k
591 3122
3166 LL7
3380 66L
6 12

86 91
2
L
1
1

58,76L)

86
3262
33%
3304
2918

wr
6L

Average -onthly system demand 6.73

:?tiviti.l lhouiag demand

9
3203
3213
3238
3016
N2,

n
72
13
L
76
83
90

2

(2}

72

3
. Th
76
83
90

1

SPCC_Ord
18

75 85 86 9
o -
31 2
1

(Result: 60,911)‘

Simpl ex
5 85
2

6 7
1

2.

d
86 91
e 2
1
1

. (Result:s 58,76k)



‘3. (cont) Simplex (e,f,g.h) L, SMALC Solution

Consipnee _ :
nsignor 75 85 686 91 75 85 86 91
n ‘ 2 7n 2 ‘
72 6 7 2 7 5 4 6
73 | 1 | 13
L 2 T 2
76 2 2 76 L
83 : 1. 83 1
90 1 90 1
(Result: 58,76L) (Result: 58,777)
5. VAM Solution 6. Brgximity Table
' ut;on ’
~ Consignee .

Consignor 75 85 86 9 .75 85 86 91
k2! 2 S n 2
72 6 5 2 2 7 s L 2
73 1 73 1
4 2 74 2
76 L 76 L
83 1 - 8) 1
90 S U 90 1

(Result: 59,032) '.'(Remhc 59,0L5)



7. Zoroed Deganeyacy
olution

‘ | Consipnee

Consignor 75 65 86 91
n -2 |

72 6 10

13 '

() | 2
.16 L
83

90 .
(Results S7,68L)



F.S.N, HF 2815-125-8069 . Average monthly system desand L2.L8

Nomen, Joint AS o Activities showing demand i
Unit pride $13,00 A g ?
1. Iransportation Table : _ 2, S8pcC Ord? :
signee | ' =-praild
Excess Consignor 85 88 91 . 85 8 9
02 W oW 3261 3016 L 1 - 87
88 15 2N WS 2 . 15 88
10 81 736 169 18 - 81 0
mw s 6w u2 6 8 W
25 8 ¥ 223 31 A 2
5 8 W6 819 w8 . 86 a2
53 90 6l 97 66 90 53.
Reguirement 15 88 601 | (Results 850,';116)
3. Smlec. 8 1ex (b Sizplox (
85 88 .91 65 88 91 6s 88 9
W 18 87 7 w0 102
15 86 75 18 73 75 88
81 0 3 S [ - 81 15 S5
&2 18 23 B2 18 23 8 33 8
o 25 T % o 5.
86 - 35 86 325 8 3%
0 5 90 53 o 53
- (Results 795,188) (Result: 795,208) = (Result:s 795,108)
”

L \ !"
. ";N!;L.‘,-



3o(oopt..)‘§%#l | % I gﬁs

Consignee

Consignor 85 88 91 s 8 n 05 88 90
nu 02 w W 02
15 8 = 715 88 75 . M
8 15 L7 8 B8 6 8 . i »
82 o 82 15 26 82 L
84 25 TR B 15 10
86 .35 86 328 86 %5
90 53 90 53 . 9 3)
(Result: 795,188) - (Result: 795,188) (Results 795,188)

Simplex (g) | Simplex (b Simplex (4)

85 88 91 85 88 91 85 88 9N
7L 102 T w2’ . W we
1’ 88 15 B8 1 .
81 .oh 23 8 L1 23 81 . ’y Q
82 L e 2 W
oL 2 & . 25 & s
86 15 310 86 325 86 328
90 ' 3 90 15 38 % 15 38
~ (Results 795,188) ' . (Results _795,188) (Results 795,188)



"om.\lt

795,188)

2

-

10

325

91
102
88
70
6
10

325

Consignee
Consignor 85 88
T

7%

81

82 3

8L 15

. |

90 53

(Result: 795,1688)
6. Proximity Table Solution

85 88

- T4

75

81 .

82 35
8L 15

86

90 5

(Resul ts

S. YA Solution

6s 88 9
[ ' 102
s 15 3]
a 7
2 n
& 2
86 325
90 18 3

[/

75

82 35

8 15

8% -

90 $3
(Results 795,188)

102

| 88

81 70
é

10

328



